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Abstract

Keywords

Background and aims: Sunlight contains a wide range of lights with different
wavelengths, and some parts of it, especially short-wavelength spectra, can Ultraviolet rays
damage different parts of the eye and cause or exacerbate diseases such as
cataracts. The aim of this study was to evaluate the effectiveness of sunglasses
in filtering harmful light with short wavelengths. Blue light

Sunglasses

Methods: Inthis cross-sectional study, 56 pairs (112lenses) of branded sunglasses Cataract
were collected from different importing companies. A spectrophotometer Pterygium
(Reflectance Spectrophotometer, Cecil instrument, UK) was used to measure

the UV and blue light transmissions. For statistical analysis, non-parametric
Mann-Whitney and Kruskal-Wallis tests were used. A P < 0.05 was considered

statistically significant.

Results: The mean UVA and UVB transmission of the sunglasses were
0.16+1.21% and 0.01+0.06 %, respectively. The mean blue light transmission
of the sunglasses was 10.03 + 3.91 %. The effect of different colors on the
blue light transmission was significant (P<0.001). Polarization and visible
light transmission of the sunglasses had no significant effect on the blue light
transmission (P=0.3). Received: ***

Conclusion: The effectiveness of available sunglasses to filter hazardous lights Accepted : >
was acceptable, among them brown colored sunglasses was the best option to
filter blue light.
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EXTENDED ABSTRACT

INTRODUCTION

Solar spectrum is composed of three major
parts, including the ultraviolet radiation (UVR;
approximatelyl00-400 nm), visible light (ap-
proximately 400-760 nm) and infrared radia-
tion (>760 nm). UV radiation can affect different
parts of the eye and may lead to various ocular
diseases, such as pterygium, pinguecula, pho-
tokeratitis and cataract (1). Recently, it has been
proposed that the protection against UV expo-
sure is not adequate. The first portion of visible
spectrum, which is next to the UVR, is called
blue light (400-500nm). The blue light is emitted
from the sun, but there are also several artificial
sources, such as LED light bulbs and fluorescent
light tubes. Blue light has some benefits, e.g.it plays
a role in color and night vision; in addition, it af-
fects the quality of sleep via circadian regulation.
Despite the benefits, blue light carries high
amounts of energy due to its short-wavelengths,
and therefore is harmful for the human eye (2).
Blue light is a risk factor for inducing ocular dam-
ages such as photoretinopathy and macular de-
generation. This is especially important for the
patients who underwent cataract surgery, because
the removal of the natural crystalline lens allows
more passing of short-wavelength visible light and
the risk of retinal damage will be increased (3).

Due to the problems caused by harmful rays
emitted from the sun, protection from sunlight is
strongly recommended. Currently, some spectacle
lenses and Intraocular Lenses (IOLs) are available
to filter hazardous blue light (4, 5).

Although several studies have been conduct-
ed to evaluate the UV ray transmission through
sunglasses and contact lenses (6, 7), the blue light
transmission of sunglasses has been less consid-
ered, so this study aims to evaluate the harmful
light transmission of some branded sunglasses
available in Iranian optical market.

METHODOLOGY

In this cross-sectional study, 56 pairs (112
lenses) of branded sunglasses were collected from
different importing companies. All of the samples
were uniform in color and they were categorized
in three colors including gray, brown and green.
The evaluation was performed with a spectropho-
tometer (Reflectance Spectrophotometer, Cecil
instrument, UK) for some wavebands, including
400-500 nm (blue light), 290-315 nm (UV-B),
315-380 nm (UV-A) and 400-760 nm (visible
light) transmission. At the first step, right and left
lenses of the sunglasses were removed and fixed

in a special holder, individually. Then, they were
placed in the instrument, respectively, and the
measurement process started. The instrument was
able to measure the passage of the light at every 0.5
nm. The scan was performed at a speed of 10 nm/
seconds with an optical bandwidth of 4nm. The
minimum and maximum transmittance in per-
cent unit was set to zero and 100, respectively. At
the end of the measuring process, the transmission
data was imported to Excel (version 2013, Micro-
soft Co.) and SPSS (Version 20.00, IBM Co.) soft-
wares. According to Shapiro-Wilk test and due to
absence of normal distribution of the samples, to
compare means of transmissions, non-parametric
Mann-Whitney and Kruskal-Wallis tests were
used for two and three groups, respectively. A P <
0.05 was considered statistically significant.

RESULTS

Out of the 56 pairs of sunglasses, 30 pairs
(53.6%) were polarized, and 26 pairs (46.4%) were
not polarized. The frequency of gray, brown and
green colors were 37 pairs (66.1 %), 10 pairs (17.9
%) and 9 pairs (16.1%), respectively. The spectro-
photometric values showed that the mean blue
light transmission of the sunglasses was 10.03 +
3.91 %. Polarization and visible light transmission
of the sunglasses had no significant effects on the
blue light transmission (P=0.3).

The mean blue light transmission of gray,
brown and green sunglasses were 11.19+4.08 %,
6.48+2.02% and 9.18+1.67%, respectively. The ef-
fect of different colors on the blue light transmis-
sion was significant (P<0.001). The mean blue light
transmission of gray and brown sunglasses was
statistically significant (P<0.001), while the blue
light transmission of gray and green sunglasses
was not statistically significant (P=0.06), however,
the blue light transmission of brown and green
sunglasses was statistically significant (P<0.001).
In addition, the mean UVA and UVB transmission
of the sunglasses were 0.16+1,21% and 0.01++,+6
%, respectively.

DISCUSSION

In this study, we focused on high energy light
transmittance of some branded sunglasses. In con-
trast to the long-wavelength infrared radiations
that could lead to ocular damages such as cataract
with increasing temperature of adjacent tissues,
the blue light effect on the ocular tissues is mostly
photochemical (8).

We found approximately 90 % of the blue light
(400-500 nm) was blocked by the studied sunglass-
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es. In addition, approximately 95.5% of blue light
in the range of 400-425 nm, 93% of blue light in
the range of 400-450 nm, and 87% in the range of
450-500 nm was blocked. It has been documented
previously that the wavelengths with 400-425 nm
of the spectrum have the highest level of energy
in comparison with other wavelengths, thus have
more potential damaging effects (7). In fact, the
amount of energy is inversely proportional to the
wavelength of the radiation (9).

It has been shown that the human crystalline
lens can absorb all the wavelengths under 400 nm
that are responsible for cataract formation (10). In
this study, all of the wavelengths lower than 404
nm were blocked (transmission was lower than
1%) by the studied sunglasses, so the crystalline
lens will be protected from the harmful light.

Our results are compatible with a study con-
ducted by Trang et al. in Canada, which had found
the average high-energy visible blue light filter-
ing of the sunglasses, was around 90% (10). In
another study, Giannos et al. compared the UVR
and high-energy light transmission (400 to 450
nm) of some promotional, retail and designer sun-
glasses and found that 100% of the ultraviolet and
67% to 99.8% of the high-energy light is blocked
by promotional sunglasses. The retail sunglasses
blocked 95 to 100% of the ultraviolet A and 67%
of the high-energy light. The designer sunglasses
had various transmissibility. They did not find any
correlation between the transmission values and
price or other advertised claims (7). According to
the studies, it seems the blocking values of the blue
light (90 %) is an appropriate level to prevent ocu-
lar damages. We also evaluated the UVR transmis-
sion of the sunglasses, and it was compatible with
the results of a study previously conducted by Baz-
zazi et.al in Iran; they concluded that at least 92 %
of the sunglasses collected from authorized sellers,
could pass the Australian/New Zealand Standard
(AS/NZS) and the American National Standards
Institute [ANSI] standards, while in the present
study, all of the tested sunglasses passed ISO (In-
ternational Standard Organization)12312-1, but
the authors did not evaluate the blue light trans-
mission of the samples (11). It should be noted

Evaluation of Sunglasses” Performance to Filter Harmful ...

that, although for some safety glasses such as weld-
ing protector filters, standards for the blue light
transmission have been provided, but there are no
mandatory standards for the blue light transmis-
sion of sunglasses.

Darkness of sunglasses should be enough to
reduce glare, otherwise color vision and recogni-
tion of traffic signals will be affected. According to
the ISO 12312-1 standard for sunglasses, visible
light transmission lower than 8%, is not suitable
for driving. In this study, all of the samples had a
visible light transmission of over than the required
value, and most of them were in group two (with
transmittance of 18-43 % of visible light) or group
three (with transmittance of 8-18 % of visible
light). Using of polarization is an option for sun-
glasses to reduce glare and improve contrast, as we
also found, it did not have significant effect on the
blue light transmission.

In comparison of colors, gray has less effect on
the contrast acuity and color discrimination, so
it is preferred tint of sunglasses among wearers,
but we found brown samples had a better block-
ing property for the short wavelength lights. It has
been mentioned previously that yellow filters may
provide a better protection against blue light.

It must be noted that although in this study the
branded sunglasses were tested, the branding and
price do not present the perfect protection from
harmful rays.

CONCLUSIONS

The effectiveness of the available sunglasses for
filtering the hazardous short wavelengths light was
acceptable. The brown colored sunglasses were the
best option for filtering the blue light.
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