ORIGINAL INVESTIGATION

Spectral Evaluation of Eyeglass Blocking Efficiency of
Ultraviolet/High-energy Visible Blue Light for Ocular Protection

Steven A. Giannos, MS,'* Edward R. Kraft,! Lance J. Lyons, MD,* and Praveena K. Gupta, OD, PhD*

SIGNIFICANCE: We investigated, for safety and awareness, ultraviolet and high-energy violet light-blocking
protection provided by assorted types of eyewear. Ultraviolet and high-energy violet light-filtering efficiency
varied and did not correlate with price or advertised claims. Standardization of methods and specifications for
lens spectral transmission evaluation is recommended.

PURPOSE: Studies have linked exposure of high-energy visible blue light to effect and damage on retinal epithelial
cells, photoreceptors, and ganglion cells. “Blue light” is more accurately differentiated into “high-energy visible
blue-violet light” and “circadian rhythm blue-turquoise light.” This study measured and compared spectral trans-
mission of ultraviolet and high-energy violet light of low-, medium-, and high-priced sunglasses.

METHODS: Sunglasses and lens blanks were obtained from the University of Texas Medical Branch Optical Shop
and vendors. Groups were based on promotional, retail, designer sunglasses, or “blue blocker” lenses. The percent
transmittance of ultraviolet/visible spectral scans (800 to 350 nm) was measured using an Agilent Cary 50 spec-
trophotometer. High-energy violet/blue light was defined as 400 to 450 nm.

RESULTS: Promotional sunglasses (tinted polycarbonate) blocked 100% ultraviolet and 67 to 99.8% high-energy
violet blue light. Retail sunglasses filtered out 95 to 100% ultraviolet A and 67% high-energy violet light. The
tested designer sunglasses varied widely in their optical transmissibility with respect to their ultraviolet A and
high-energy violet light-blocking properties, with some not blocking ultraviolet A. Clear and colorless Kodak Total
Blue provided maximal high-energy violet protection, whereas clear Essilor Crizal Prevencia provided less high-
energy violet blocking between 400 and 450 nm.

CONCLUSIONS: The ultraviolet and high-energy violet (400 to 450 nm) light-filtering efficiency varied between
sunglasses and clear lenses and did not correlate with price or advertised claims. Standardization of methods
and specifications for lens spectral transmission evaluation is recommended.
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Long-term sunlight exposure is known to be associated with the
development of skin cancer, skin aging, immune suppression, and
eye diseases such as cataracts and age-related macular degen-
eration.™? For decades, it has been established that ultraviolet
radiation ranging from 100 to 400 nm is harmful to the retina,
whereas the visible spectrum of light from 400 to 700 nm is rela-
tively safe.3"> Ultraviolet light is electromagnetic radiation with
wavelengths ranging from 100 to 400 nm. The earth's atmosphere
absorbs almost all of ultraviolet C (100 to 280 nm) and most of ul-
traviolet B (280 to 315 nm) light. Ultraviolet A (315 to 400 nm),
visible light (380 to 760 nm), and infrared (=760 nm) are able to
reach the earth's surface.®

Three critical ocular structures are affected by ultraviolet expo-
sure: the cornea, the lens, and the retina. The cornea transmits ra-
diant energy only at 295 nm or greater. The crystalline lens absorbs
almost all incident energy to wavelengths of nearly 400 nm. In
youth, a very small amount of ultraviolet A reaches the retina, but
the lens becomes more absorbing with age.” The absorptive char-
acteristics of the human lens vary drastically with age. The young
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lens absorbs primarily ultraviolet A, whereas with age, there are in-
creases in absorptions at 320 nm and out to wavelengths as long as
550 nm.8 The cornea is responsible for absorbing and filtering the
shortest and thus most energetic ultraviolet radiation (ultraviolet C,
<280 nm). For radiation that penetrates through the cornea, the
aqueous humor absorbs a moderate amount of light between
280 and 360 nm, as well as light in the long infrared range
(1200 to 2300 nm). This combination with pupillary constriction
narrows the spectrum and decreases irradiance onto the intraocu-
lar tissues.® In phakic eyes, the cornea is the dominant ultraviolet
B—protective filter, and the lens is the dominant ultraviolet A filter
of the retina.'® Thus, there are intraocular filters that effectively
filter different parts of the ultraviolet spectrum and allow only of
the order of 1% or less to actually reach the retina.” However,
studies are now emerging to show that the so-called nonharmful
visible light spectrum of light can also cause retinal injury via
photochemical damage.

Chronic exposure to short-wavelength blue light, known as “high-
energy visible” light, can potentiate harmful effects on retinal
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epithelial cells, photoreceptors, and ganglion cells.®
Much of this work has been done in vitro, in cell cultures, and at in-
tensities and/or exposure durations that are much greater than the
typical person is expected to experience. These results show that
there are ocular effects from blue light, but the in vitro results
may not fully translate to real-world conditions. However, recent
in vivo studies have examined retinal damage from blue light in rats
and mice,'®*8 and human clinical experience is being reviewed
and reported.®2°

Blue light is a range of the visible light spectrum, generally rec-
ognized as having a wavelength between 400 and 495 nm. Typical
descriptions of hue are violet for 400 to 450 nm; blue, near 470 nm;
and blue green, 480 to 495 nm.2! The shorter wavelengths, those
between 400 and 450 nm, have more energy, with 400 to 425 nm
having the highest level of energy.

In 2013, researchers with Essilor of America, Inc., and the Paris
Vision Institute, studying narrow bands of wavelengths, found that
blue-violet light was the most harmful to porcine retinal pigment
epithelium cells, as it caused the most cell death.?? The Beaver
Dam Eye Study, a population-based cohort study, measured the
amount of sunlight exposure and incidence of age-related macular
degeneration in 2764 subjects during a 10-year period.?® They
found that extended sunlight exposure was associated with higher
incidence of early age-related macular degeneration. However,
the protective effect of sunglasses was only marginal, and the data
were reported on a subjective basis.?* Subsequent studies have
shown protective benefits of high-energy violet light blocking.?5-3°

Age-related macular degeneration may be attributed to accu-
mulated oxidative stress over time.'2 This oxidative stress is due
to a cumulative effect of the following factors: ultraviolet and
high-energy visible light generating free radicals (also known as re-
active oxygen species), more retinal exposure to high-energy violet
light in ages 1 to 40 years, and increased exposure to high-energy
visible light from electronic devices. The combination of blue light
exposure from sunlight and low plasma concentrations of antioxi-
dants has been found to be associated with the early stages of
age-related macular degeneration, which are common in the popu-
lation, and that blue light exposure in middle age might be more
damaging than that in younger ages.3!

Blue light is more accurately differentiated into “high-energy
visible blue-violet light” (400 to 450 nm) and “circadian rhythm
blue-turquoise light” (460 to 470 nm).3%-3° The spectral sensitiv-
ity of acute melatonin suppression, a marker of the circadian clock,
ranges from 447 to 484 nm3° and peaks close to 460 nm.3” Light
exposure and chronodisruption have been reviewed by Bonmati-
Carrion et al.®8 In addition, a recent review of clinical studies shows
that a 2-hour exposure to light (460 nm) in the evening suppresses
melatonin. The maximal melatonin suppressing the effect of light
exposure is achieved at the shortest wavelengths (424 nm).
Melatonin concentration recovers, however, rather rapidly, within
15 minutes from cessation of the exposure. This suggests a short-
term or simultaneous impact of the light exposure.3°

The useful range for color vision in humans is approximately
450 to 650 nm. High-energy visible light is high-frequency, high-
energy light in the violet-blue band of the visible spectrum from
400 to 450 nm. High-energy visible light is found in sunlight as
well as in artificial light sources such as fluorescent and light-
emitting diode lighting, smartphones, tablets, laptops, televisions,
and many other electronic devices. Several comprehensive reviews
have described and detailed ocular phototoxicity both from sun-
light and from artificial lighting.3*%*2 Epidemiological studies
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have also correlated sunlight exposure with early stages of macular
degeneration.?>*3 In addition, short-wavelength light is consid-
ered to be the most harmful light of the visible spectrum because
it generates reactive oxygen species leading to pathogenesis of
retinal diseases such as age-related macular degeneration.**

Ideally, a good portion of the ultraviolet radiation is filtered by
the ocular structures, leaving only a small amount to reach the ret-
ina. However, the so-called blue light reaches the retina if not
obstructed by any optical devices. Early studies of protective eye-
wear for psoralen and ultraviolet A therapy, focusing on ultraviolet
and visible light, were conducted by Moseley*® and Moseley et al.*®
in the 1980s. Reichow et al.*” reviewed some of the physical and
spectral characteristics that eyewear (retail and designer) should
have to protect the wearer from ultraviolet and high-energy violet
light. In 2016, Chorley et al.*® studied sunglass protection for civil-
ian pilots and found that lenses manufactured to minimally comply
with standards for ultraviolet transmittance could result in excess
ultraviolet exposure to a pilot based on in-flight irradiance data.
Ophthalmic devices and intraocular implants do filter out broad-
band of ultraviolet/visible blue light unselectively, thus inducing
unwanted effects on circadian rhythm or color perception. Because
there exists limited information of specific wavelength filtering
mechanisms, in many of such devices, people often rely on expen-
sive eyewear thinking that they are more efficient in blocking the
harmful short-wavelength light spectra.

The present study investigates the optical transmissibility of
representative low-, medium-, and high-priced sunglasses, as well
as clear, colorless eyewear and lenses to assess the spectral wave-
length cutoff. Our interests were to determine the high-energy
violet light—protective capability of sunglasses in general and to
test if expensive sunglasses were superior in ultraviolet and high-
energy violet light protection compared with less expensive
models. We also had the opportunity to test “blue blocker” lenses,
as well as clear-coated lenses, marketed for high-energy violet light
blockage, and evaluated them relative to their attenuation charac-
teristics for the short-wavelength light visible light. We intention-
ally focused on the high-energy violet light wavelength range of
400 to 450 nm, as it carries high-energy frequency and can poten-
tiate a detrimental disruption of cellular structure.

METHODS

Sunglasses and lens blanks were obtained from the University
of Texas Medical Branch Optical Shop and outside vendors
(n = 28). Details were taken from each pair of sunglasses or lens
blank, including manufacturer, model, and details of whether the
lenses were polarized or have antireflective coating and suggested
price (Table 1). Promotional sunglasses were obtained from Hitpromo.
net (Largo, FL). The sunglasses and lenses were divided into five
separate groups, as shown hereinafter. Each group represented a
particular price category of sunglasses or lens of interest and was
recorded as low-, medium-, or high-priced sunglasses; lens blank;
or blue blocker lenses. An additional group, group 6, compared lens
data collected from the previous groups that are clear and may be
used indoors and for electronic device viewing.

Group 1: low price (promotional sunglasses, free, $3.31)
Group 2: medium price (retail sunglasses, $10 to 40)
Group 3: high price (designer sunglasses, $200 to 350)
Group 4: lens blanks (demo and display lenses)
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TABLE 1. List of sunglasses and lenses tested

Ultraviolet B/ultraviolet

Sample no. Group Type/brand Material A protection claim (%) Price (U.S. $) Description
1 1 Promo Black/Black Polycarbonate 100/100 3.31  Promotional sunglasses
(No. 6223 Malibu Sunglasses)
2 1 Promo Black/Yellow (No. 4000 Polycarbonate 100/100 3.31  Promotional sunglasses
Rubberized Sunglasses)
3 1  Promo Orange/Orange Polycarbonate 100/100 3.31  Promotional sunglasses
(No. 6223 Malibu Sunglasses)
4 1 Promo Black/Blue (No. 4000 Polycarbonate 100/100 3.31  Promotional sunglasses
Rubberized Sunglasses)
5 1 Promo Red/Red (No. 4000 Polycarbonate 100/100 3.31 Promotional sunglasses
Rubberized Sunglasses)
2,5 Noir UV Shield 22 (Frame No. U) Polycarbonate 100/100 39.95 Retail sunglasses
2 Solar Shield Night Drivers, Lumen Polycarbonate 100/100 12.95 Retail sunglasses
Black/Yellow
8 2 Haven Amcon Fitover Polycarbonate 100/100 35.00 Retail sunglasses
Optify MS-7050 Black/Gray
9 2 Haven Amcon Fitover Polycarbonate 100/100 35.00 Retail sunglasses
Optify MS-7051 P Black/Gray
10 3 Designer Ray-Ban RB4194 Green Polycarbonate 100/100 145.00 Designer sunglasses
11 3 Designer Ray-Ban RB3016 Green Polycarbonate 100/100 235.00 Designer sunglasses
12 3 Designer Ray-Ban RB2132 P Green Polycarbonate 100/100 280.00 Designer sunglasses
13 3 Designer Costa Brine P Green Mirror 501 glass 100/100 239.00 Designer sunglasses
14 3 Designer Maui Jim Peahi Redfish 202 SuperThin glass 100/100 229.00 Designer sunglasses
15 3 Designer Prada PR O7PS Havana Polycarbonate 100/100 270.00 Designer sunglasses
16 4,6 Essilor Crizal No Glare Treated Polycarbonate 100/100 Lens blank
(clear, colorless)
17 4,6 Essilor Crizal No Glare Untreated Polycarbonate 100/100 Lens blank
(clear, colorless)
18 4,6 Essilor Crizal Prevencia Polycarbonate 100/100 Lens blank
(clear, colorless)
19 4 Essilor Xperio Polycarbonate 100/100 Lens blank
20 4 Essilor Xperio (Tinted) Polycarbonate 100/100 Lens blank
21 4,6 CR-39 Lens AR Coating Poly(allyl diglycol carbonate) 100/90 Lens blank
(clear, colorless)
22 4,6 Prestige Medical Safety Glasses Polycarbonate 100/100 9.95 Laboratory safety
(5400-F-GLA; clear, colorless) glasses
23 5  BluBlocker White Aviator 2699K Polycarbonate 100/100 29.95 Retail sunglasses
24 5 BluTech Lenses Hi Impact Indoor AR Polycarbonate 100/100 Lens blank
25 5  BluTech Lenses Hi Impact Outdoor AR Polycarbonate 100/100 Lens blank
26 5  BluTech Lenses Polycarb Outdoor P Polycarbonate 100/100 Lens blank
27 5  BluTech Lenses Polycarb Indoor Polycarbonate 100/100 Lens blank
28 5,6 Kodak Total Blue Lens Polycarbonate 100/100 Lens blank

(clear, colorless)

Detailed are the type/brand of the lens, the testing group, the lens material, the manufacturer's ultraviolet A/ultraviolet B claim, the suggested sales price
of the sunglass, and a description of the sunglass or lens blank. AR = antireflective coating; P = polarized.

Group 5: blue blocker lenses (designed to filter blue light) Victoria, Australia) adapted to provide a positioning stage within
Group 6: clear, colorless lenses

the light beam pathway. A stage/mounting bracket was used so that
the lens material was perpendicular to the beam path. The bracket

Spectral transmission through the sample lenses was measured provided a uniform distance between the light source and the light
using an Agilent Cary 50 spectrophotometer (Varian, Mulgrave, sensor, with the ability to measure three distinct positions on the
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lens. Spectrophotometer baseline correction was performed from
800 to 350 nm to negate the spectrophotometer transmission error
measurements throughout the test range. Transmission normalization
to 100% transmission (0% absorption) was performed at 800 nm on
each lens before each measurement to normalize the neutral den-
sity filtering characteristics of each lens to allow for lens-to-lens
comparison in the range of interest. Spectral scans were taken from
800 to 350 nm with data collection points atevery 1.0 + 0.13 nm.
Each lens was scanned at three separate, individual points on the
lens surface, and the results were averaged for that lens. Comma-
separated value data files were recorded and imported to Microsoft
Excel (Microsoft Corporation, Redmond, WA) to prepare spectral
scan graphs for comparison. Results are reported as percent trans-
mission wherein 100% transmission corresponds to absorption of
0.00 optical density.

RESULTS

The percent spectral transmission data were obtained from
spectrophotometer scans and are reported between wavelengths
400.03 and 449.98 nm. Appendix Table 1 (Supplemental Digital
Content, available at http:/links.lww.com/OPX/A405) shows these
data, for the sake of brevity, at every 1.99 + 0.0566-nm increment
for each group as described in METHODS. Each lens, having been
scanned at three separate, individual points on the lens surface,
showed a variation of standard deviation of +0.4% or less. Five pro-
motional sunglasses, sourced from the same vendor, are shown in
Supplemental Digital Content, Appendix Table 1, as individual scans
and as an average with standard deviation. The wavelengths, 400 to
450 nm, are high-energy violet light that presents the greatest
risk to ocular tissue. This spectral range is also emphasized as a
shaded area in the following figures.

Group 1: Promotional Sunglasses

Five promotional sunglasses (samples 1 to 5, shown in Fig. 1)
were scanned from 800 to 350 nm. All five of the tested sunglasses
essentially blocked 100% of ultraviolet light up to 400 nm and
filtered an average of 72.5% (+6.1%) of the high-energy violet
light at 426 nm, with a decreasing gradient to blocking of approx-
imately 67.0% (+11.5%) of the high-energy violet light at 450 nm.

Group 2: Retail Sunglasses

In group 2, the four retail sunglasses tested blocked approxi-
mately 95 to 100% of the ultraviolet light with much improved
high-energy violet lightfiltering capability when compared with
the promotional sunglasses on average (Fig. 2). Although the Solar
Shield Night Drivers (FGX International, Smithfield, RI) provided
the best protection for harmful light blocking, surprisingly it failed
to block 100% of the ultraviolet light, with 0.19% transmittance at
389 nm, increasing to 5.6% transmittance at 400 nm. When noted
for the 400- to 426-nm range, the Solar Shield lenses were fairly
stable to block high-energy violet light, ranging from 94.4 to
86.2%, respectively. Also observed was that the Haven Optify
MS-7050 (FGX International) and the Noir UV Shield 22 (Noir Med-
ical, South Lyon, MI) provided 100% ultraviolet light blockage and
performed similarly in the high-energy violet range of 426 nm,
blocking 81.7 and 73.9%, respectively. At 450 nm, the Noir UV
Shield 22 blocked 64.2%, Solar Shield Night Drivers blocked
82.5%, Haven Optify MS-7050 blocked 75.4%, and Haven Optify
MS-7051 P blocked 62.8%.

Group 3: Designer Sunglasses

As depicted in Fig. 3, expensive designer sunglasses varied
widely in their optical characteristics of their ultraviolet and high-
energy violet light attenuation. Of interest, the percent transmission
of the Costa Brine P (Costa, Daytona Beach, FL) and Maui Jim Peahi
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FIGURE 1. Ultraviolet/visible spectrophotometric scans comparing the percent transmission of group 1 (low-cost promotional sunglasses). The average
of the five scans is shown in black. The wavelengths, 400 to 450 nm, are high-energy violet light that presents the greatest risk to ocular tissue. This

spectral range is emphasized as a shaded area.
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FIGURE 2. Ultraviolet/visible spectrophotometric scans comparing the percent transmission of group 2 (medium-cost retail sunglasses). The average of
group 1 (low-cost promotional sunglasses), shown in black, is added for comparison. The wavelengths, 400 to 450 nm, are high-energy violet light that
presents the greatest risk to ocular tissue. This spectral range is emphasized as a shaded area.

Redfish (Maui Jim Lahaina, HI) showed the greatest protection, Milan, Italy) blocked ultraviolet A light but did not block wave-
blocking out 100% ultraviolet A and approximately 94% high-energy lengths of 403 nm and greater. To our surprise, the remainder of
violet light at 418 nm and a little more than 90% high-energy violet the designer sunglasses did not absorb either ultraviolet A or high-
light at 426 nm. Ray-Ban RB2132P (Ray Ban, Luxottica Group, energy violet light efficiently. Of note, Ray-Ban RB4194 and
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FIGURE 3. Ultraviolet/visible spectrophotometric scans comparing the percent transmission of group 3 (high-cost designer sunglasses). The average of
group 1 (low-cost promotional sunglasses), shown in black, is added for comparison. The wavelengths, 400 to 450 nm, are high-energy violet light that
presents the greatest risk to ocular tissue. This spectral range is emphasized as a shaded area.
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Ray-Ban RB3016 transmitted wavelengths of 380 nm and greater,
and Ray-Ban RB2132P and Prada PR O7PS Havana (Luxottica
Group) blocked only 73% high-energy violet light when measured
at 426 nm. At 450 nm, Ray-Ban RB4194 blocked only 57.4%,
Ray-Ban RB3016 blocked 70.7%, Ray-Ban RB2132P blocked
74.1%, Costa Brine P blocked 88.9%, Maui Jim Peahi Redfish
blocked 90.7%, and Prada PR O7PS Havana blocked 77.0%.

Group 4: Lens Blanks Series

The percent transmissions of spectral scans of clear and demo/
display lens blanks are shown in Fig. 4. Essilor Crizal No Glare (clear,
treated, and untreated; Essilor of America, Inc., Dallas, TX) and
CR-39 display lenses showed minimal blocking of ultraviolet light
(54.7 to 58.7% transmittance at 380 nm and 90.7 to 96.8%
transmittance at 400 nm). There was also minimal blocking of
high-energy violet light (90 to 100% transmittance) at wavelengths
of 400 to 426 nm. This was expected because the lenses were only
demonstrating no-glare or antireflective coatings. The Prestige Med-
ical Safety Glasses (laboratory safety glasses; Prestige Medical,
Northridge, CA) did not block ultraviolet or high-energy violet light
effectively either. Essilor Xperio Tinted lenses blocked 100% ultra-
violet and 99.9 to 73.1% high-energy violet light between 400 and
426 nm, similar to the promotional sunglasses. However, the Essilor
Xperio lens did not block 100% ultraviolet light but blocked only
90.7 to 59.2% high-energy violet light between 400 and 426 nm.
The transmission of the Essilor Crizal Prevencia was interesting be-
cause it blocked 100% ultraviolet light up to only 370 nm. After
370 nm, there was a sharp rise allowing for 0.01 to 74.6% ultravi-
olet light transmittance up to 400 nm. Between 400 and 426 nm,
the transmittance increased from 74.6 to 91.7%, respectively.

Group 5: Blue Blockers

Group 5 included sunglasses and blank lenses that are pur-
posely designed and sold as lenses that block ultraviolet and “blue
light.” Although all of the tested lenses blocked 100% ultraviolet

light and 96% high-energy violet light up to 412 nm (Fig. 5), the
BluBlocker sunglasses (BluBlocker Corporation, Las Vegas, NV)
blocked 100% visible light up to 495 nm. Some efficiency in blue
light blocking was shown by Noir UV Shield 22 sunglasses that blocked
100 to 74.3% high-energy violet light between 400 and 426 nm.
The BluTech Hi Impact Indoor Anti-reflective lens (BluTech
LLC, Alpharetta, GA) blocked 100 to 38.4% high-energy violet
light between 400 and 426 nm, whereas the BluTech Hi Impact
Outdoor Anti-reflective lens blocked 100 to 96.4% high-energy vi-
olet light between 400 and 426 nm. When compared between the
BluTech Polycarbonate Indoor lens and the BluTech Polycarbonate
Outdoor Polarized lens, the indoor lens blocked 100 to 52.2% high-
energy violet light, whereas the outdoor lens blocked approximately
100 to 88.2% high-energy violet light in the 400- to 426-nm range.
The Kodak Total Blue (clear and colorless; Kodak, Signet Armorlite,
Inc., Carlsbad, CA) blocked 100% ultraviolet light and 100 to 89%
high-energy violet light between 400 and 420 nm and 72.9% at
426 nm. In addition, the Kodak Total Blue lens allows for 90% or
more transmittance of light for wavelengths greater than 450 nm.

Group 6: Clear Lens Series

Data from Figs. 4 and 5 were combined to produce Fig. 6, which
highlights the high-energy violet light-blocking quality of various
clear and colorless lenses. Kodak Total Blue blocked 100 to 89%
high-energy violet light between 400 and 420 nm and 72.9% at
426 nm. Essilor Crizal Prevencia blocked only 25.4 to 8.3%
high-energy violet light between 400 and 426 nm. Results for the
other lenses are described previously in group 4 lens blanks series.

DISCUSSION

The danger from ultraviolet light is well known. High-energy
violet light is being investigated increasingly as a hazard to ocular
tissues.!1** It may also be a risk factor for macular degeneration
and other pathologies.!®*°
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FIGURE 4. Ultraviolet/visible spectrophotometric scans comparing the percent transmission of group 4 (lens blanks and demo lenses). The wavelengths,
400 to 450 nm, are high-energy violet light that presents the greatest risk to ocular tissue. This spectral range is emphasized as a shaded area.
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FIGURE 5. Ultraviolet/visible spectrophotometric scans comparing the percent transmission of group 5 (blue blocker lenses). The wavelengths, 400 to
450 nm, are high-energy violet light that presents the greatest risk to ocular tissue. This spectral range is emphasized as a shaded area.

Most glasses and sunglasses feature a plastic (polycarbonate
and Trivex) lens, which inherently protects the eyes from ultraviolet
light. Most sunglass lenses absorb ultraviolet radiation to 400 nm
(ultraviolet B, 280 to 315 nm; ultraviolet A, 315 to 400 nm) owing
to ultraviolet light stabilizers incorporated in the plastic. The ultraviolet
absorbers (benzotriazoles and hydroxyphenyltriazines for polycarbon-
ate) prevent deterioration of physical properties such as loss of im-
pact strength, changes in color, cracking, crazing, and others.5©

Protection from harmful ultraviolet light is assumed through
international standards such as International Organization for

Standardization 12311:2013 and 8980 and American National
Standards Institute Z80.3 (2013 and 2015). The American ultraviolet
light cutoff is 380 nm. Additional standards—European, Australian/
New Zealand, Canadian, and Brazilian—are also available.?*~53
The European ultraviolet light cutoff is 380 nm, whereas the Canadian,
Australian/New Zealand, and Brazilian cutoff is 400 nm. All of the
lenses tested in this study met the general standards specification
of blocking 100% of ultraviolet A light less than 380 nm.

The present study was undertaken from the perspective of pub-
lic health and “preventive measure,” to understand optimum lens
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FIGURE 6. Ultraviolet/visible spectrophotometric scans comparing the percent transmission of group 6 (clear, colorless lenses). The wavelengths,
400 to 450 nm, are high-energy violet light that presents the greatest risk to ocular tissue. This spectral range is emphasized as a shaded area.
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optical filter properties that protect ocular tissues from photochem-
ical damage. Similar studies have recently been conducted to as-
sess sunglass filtering properties and relative cost.5:%%5% Qur
focus was to determine the spectral transmission properties of var-
ious sunglasses and eyeglass lenses and compare the wavelength
cutoff gradient for those lenses.

The measurement of the actual amount of a particular wave-
length of light falling onto or entering the eye and reaching the ret-
ina is complicated. Various factors such as relative lens tinting,
side transmission of stray light, lens optical grinding (with resulting
thickness variations), and the selected eyeglass frames and posi-
tion of the lens over the eye impact the temporal size of the pupil,
which determines the amount of light entering the eye. Because
the pupil response is most sensitive to visible light, conventional
sunglasses may allow for pupil dilation in proportion to the dark-
ness of the sunglasses and increased intraocular insolation.>®%”
Therefore, light transmission wavelength measurements of a spe-
cific lens material may not predict real-world conditions when the
lens material is incorporated into the eyeglass or sunglass.

Sunglass and clear optical lenses may comprise several spectral
bands of light filtration. The neutral density filtering property of
each lens dictates the overall optical filtering that determines the
lightness or darkness of the lens over the entire spectral range.
Additional specific wavelength-dependent long-pass cutoff filter
dyes and coatings determine the absolute light-blocking and
light-transmitting characteristics below and above a specific wave-
length. Light transmission through a light-absorbent material is
also thickness dependent wherein a small thickness variation from
lens optical grinding may dictate if a particular lens restricts a spe-
cific light wavelength below a specific limit.%®

We electronically normalized the total light transmission to
100% at 800 nm so that a comparison of filtering properties be-
tween the various lenses, regardless of thickness or whether dark-
ened or clear, could be made in the ultraviolet and high-energy
blue range. Comparing a specific lens material filtration to 100%
air transmission gives a total filtration report but convolutes the
comparison between several lens materials because of overriding
lightness or darkness of lenses. Some of the tested lens materials
reported more than 100% or less than 0% transmission throughout
the testing range of 800 to 350 nm.

Light transmission values at wavelengths different from the se-
lected normalization wavelength (800 nm) may yield values higher
or lower than the 100% transmission established at the normal-
ization wavelength (800 nm). In other words, the lens filtering
material and/or coating may allow for more or less light transmit-
tance at wavelengths other than the normalization zeroing point of
100% light transmission at 800 nm.

Given that the objectives of this study were to be able to deter-
mine spectral wavelength cutoff and to compare lens to lens, we
used a spectrophotometric measuring procedure that initiated each
lens spectral scan at 800 nm, a wavelength that is color neutral and
neutral density. Each lens was normalized or “zeroed” to itself. By
following this protocol, all spectral scans of the tested lenses were
initiated and normalized at the same beginning value. In addition,
by scanning this way, the issue of spectral neutral density filtering
(lightness/darkness) is normalized.

Our investigation of the ultraviolet and high-energy blue-violet
light-blocking properties, provided by low-, medium-, and high-
priced sunglasses, blue blocker, and clear lenses, yielded unex-
pected results. Although most tested lenses blocked ultraviolet
A along with a fraction of high-energy violet light from entering
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the eye, a few high-priced branded sunglasses, including a few of the
Ray-Ban sunglasses, did not filter the light as promoted. However, the
low-priced promotional sunglasses (tinted polycarbonate) blocked
100% of the ultraviolet A light and 99.8 to 67% (400 to 450 nm, re-
spectively) of the high-energy violet blue light. At 426 nm, the midrange
of high-energy violet light, the promotional sunglasses blocked 72.5%.
These values could be biased observations, as all the promotional
sunglasses came from a single provider.

In comparison, three of the retail sunglasses provided 100% ul-
traviolet A light protection up to 400 nm. The Solar Shield Night
Drivers blocked only 94.4% ultraviolet A light at 400 nm. However,
when looking at the high-energy violet value of 450 nm, the three
retail sunglasses provided only 63 to 75% blocking protection.
The Solar Shield Night Drivers blocked 82.5% at 450 nm.

The tested designer sunglasses varied widely in their optical
transmissibility with respect to their ultraviolet A and high-energy
violet light-blocking properties, with some not blocking ultraviolet
A. Two of the high-priced designer sunglasses, Costa Brine P and
Maui Jim Peahi Redfish, blocked ultraviolet A light (100% at
400 nm) and approximately 90% high-energy violet at 450 nm,
which is ideal for protecting eyes from light hazard. Our studies do
not undermine the optical qualities of all of the expensive or branded
sunglasses, as we are aware that expensive designer sunglasses vary
widely in their construction, material, and surface protection coating.

Our observations of the blue blocker lenses varied as well. They
all blocked 100% ultraviolet A light up to approximately 406 nm
and blocked more than 90% of the high-energy violet light up to
414 nm. Clear and colorless Kodak Total Blue provided approxi-
mately 73% high-energy violet light protection at 426 nm, whereas
clear and colorless Essilor Crizal Prevencia provided only 8.3%
high-energy violet protection at 426 nm. To their benefit, the man-
ufacturer claims that such small narrow-band protection of the
Essilor Crizal Prevencia is intentionally done to maintain transpar-
ency and good color vision perception through the lenses. It is also
interesting to note that both tinted promotional sunglasses and
clear and colorless Kodak Total Blue blocked 73% of the high-
energy violet light at 426 nm.

The sensitivity of the human eye to light, shown in Fig. 7, varies
strongly over the wavelength range between 380 and 800 nm.®°
The average normal human eye, under daylight conditions, is most
sensitive at a wavelength of 555 nm and less responsive to red,
greater than 670 nm, and blue wavelengths, less than 430 nm,
suggesting that filtration of wavelengths less than 430 nm should
have little impact on perceived color vision.

Removal of 94% of the blue component of light, 400 to 500 nm,
has been shown to decrease retinal damage.'® We suggest that eye-
glasses and sunglasses filter 100% of all ultraviolet and high-energy vi-
olet light up to 426 nm with a lessening gradient to 450 nm. One such
available product is the Bluwinx lens (Bluwinx, Youngstown, OH).
These lenses filter 71% of the 400- to 500-nm spectrum, with around
59% of the peak digital device wavelengths (445 to 460 nm). Other
available lenses/coatings are UV420 Clear Lens (Mitsui Chemicals,
Tokyo, Japan), Duravision BlueProtect (Zeiss, Aalen, Germany),
Bluemax Lens (Nova, Vision Rx Lab, Kolkata, India), and Blue
Diamond coating (Visioneer Eyewear, Pasay City, Philippines).

Sunglasses are usually recommended as protection against sun-
light and glare, and conventional sunglasses are considered a fash-
ion accessory. Electronic digital devices with light-emitting diode
screens are becoming major sources of such high-energy violet expo-
sure indoors. Evidence is mounting that chronic exposure of the vis-
ible blue light can cause oxidative damage to the ocular tissues.?%6!
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FIGURE 7. Eye sensitivity function. Photopic eye sensitivity function has a maximal sensitivity in the green spectral range at 555 nm. The inset shows the

blue light region, 400 to 480 nm. Drawn from Vos.5°

Further investigation is necessary to identify the quantity of short-
wavelength light required for a physiologically functional balance,
without causing damage to ocular tissues.

Because optical properties greater than 380 nm are not ad-
dressed in the U.S. standards for ultraviolet protection, eye care
providers need to provide information and educate the general
public, to correctly purchase sunglasses or high-energy violet
light—protective clear lenses. Testing devices that measure blue
light-blocking lenses or self-service kiosks for testing sunglasses
are being developed,®26? and we suggest that retail stores selling
eyewear provide access to ultraviolet/visible lens spectrographs to
assess the quality of eyewear.

We recommend that there be a standardization of procedure
and method for the assessment of a lens' spectral transmission in
order for eye care providers to objectively compare eyeglass lens fil-
tering capacity. We suggest the methods used in this study to be an
example of a uniform way to measure lenses (eyeglasses and sun-
glasses) to negate the issue of brightness/darkness, as well as ne-
gate the issues of lens material and thickness. Determination of
the spectral wavelength cutoff provides important information on
the ultraviolet and high-energy violet light-blocking capability of
each lens tested. By using this information, eye care providers can

be better informed and then be able to recommend the best lens
for the patient and the intended use, whether it is indoor or outdoor.

]
CONCLUSIONS

This study emphasizes the need for individual eyewear and sun-
glass assessment before the consumer purchases the eyeglasses or
sunglasses. Expensive designer eyewear may not necessarily pos-
sess the adequate eye protection that the consumer assumes the
product provides. Designer fashion and high-retail-price eyewear
should not dominate the decision process of purchasing eyewear with-
out spectral testing. In fact, more harm may come from wearing poor-
quality sunglasses rather than just wearing clear polycarbonate lenses.

Based on the current literature and our study results, we suggest
that an ideal pair of sunglasses should be able to block 100% of ul-
traviolet A and high-energy violet-blue wavelengths (400 to 450 nm)
and transmit the long-wavelength blue light to preserve color percep-
tion and scotopic sensitivity and maintain sleep-wake cycle. For in-
door use, our studies suggest choosing clear, colorless high-energy
violet/blue blocker eyewear for use with light-emitting diode—related
digital devices and computer screens.
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