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Ocular Toxicity Caused by Ultraviolet Radiation and Preventive Measures
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Ultraviolet (UV) radiation, a form of non-ionizing radiation, poses a significant threat to ocular health, and is classified by wave-
length into UVA, UVB, and UVC, each category is absorbed by different eye tissues, leading to acute and chronic diseases. This
review analyzes the toxic mechanisms of each UV wavelength on the cornea, lens, and retina and examines the pathological ef-
fects of major diseases, such as photokeratitis, cataracts, pterygium, and age-related macular degeneration, based on recent
research. Furthermore, this study aimed to provide scientific evidence for preventing UV-induced eye damage by outlining the
role of sunglasses in effective UV protection and presenting the criteria for their proper selection.
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Figure 1. Spectrum and classification of ultraviolet (UV) radiation by wavelength. The electromagnetic spectrum includes X-rays,
UV rays, visible light, and infrared radiation, differentiated by wavelength. UV radiation (approximately 100-400 nm) is further
categorized into UVC (100-280 nm), UVB (280-320 nm), and UV A (320-400 nm). Shorter wavelengths correlate with higher energy

and potential biological effects.
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Figure 2. Ocular absorption of ultraviolet (UV) radiation according to wavelength. Different ocular components absorb specific types
of UV radiation. The cornea primarily absorbs UVC and most UVB radiation, whereas the lens absorbs the remaining UVB and part
of the UVA radiation. Longer-wavelength UV A radiation penetrate deeper, reaching the retina. The atmospheric ozone layer effec-
tively blocks UVC and most UVB radiation from reaching the Earth’s surface.
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Table 1. Eye diseases by type of UV radiation
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Conditions Related UV types

Key content and features

Photokeratitis UVB, UVC

Pterygium/pinguecula  Chronic UV exposure
(mostly UVA, UVB)

Cataract Cortical cataract: UVB
Nuclear cataract: UVA

Posterior subcapsular cataract:
UV correlation is low

Age-related macular UVA and overall UV exposure
degeneration

Solar maculopathy High-intensity UV and visible light

Photic retinopathy UV (when taking specific medications)

An acute corneal and conjunctival burn that occurs from excessive UV
exposure, usually 6 to 12 hours after exposure. Also known as “snow
blindness” or “welder’s flash.” It causes severe eye pain, tearing, and
light sensitivity, and symptoms typically subside within 24 to 72 hours.

A condition where a fleshy growth or yellowish patch develops on the
conjunctiva, which is the tissue covering the white part of the eye. It’s
caused by damage to conjunctival stem cells from chronic UV exposure.

A disease where the eye’s lens becomes cloudy. Cortical cataract:
Strongly correlated with UVB exposure. Nuclear cataract: Correlated
with UVA exposure over a long period. Posterior subcapsular cataract:
Highly correlated with other factors like steroid use and diabetes.

A leading cause of central vision loss in people over 50. UVA radiation
reaches the RPE, causing oxidative stress and promoting cell death.

An acute macular burn that can occur from directly looking at the sun,
such as during a solar eclipse. It can result in a permanent central blind
spot.

Retinal toxicity can be exacerbated if the eye is exposed to UV while
taking certain drugs (e.g., chloroquine).

UV = ultraviolet; RPE = retinal pigment epithelium.

Summary of major ocular diseases linked to different UV spectra (UVA, UVB, UVC) and exposure patterns. Acute UV exposure mainly causes
photokeratitis and photic retinopathy, while chronic exposure contributes to pterygium, cataract, and age-related macular degeneration

through oxidative and photoinduced damage to ocular tissues.
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