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Key Insights

Risk Group O classifies
every consumer display
modeled under IEC
62471, with two to
three orders of
magnitude of margin

Wrong target: the
actual hazard regime
sits four orders of
magnitude above any
laptop, monitor, TV, or

phone

I"é‘érzzg:;almry baSits in Every consumer display modeled falls into Risk Group O, the IEC
supports . .

treating consumer 62471 classification reserved for sources that pose no

displays as a blue-light photobiological hazard. The standard's actual hazard classifications

hazard are reserved for sources four to seven orders of magnitude brighter.

Clinical consensus from Ben Harrison, Chief Innovation Officer & Chief Scientist - May 2026

the AAO, UK AOP,
RANZCO, and the
2022 *American
Journal of
Ophthalmology* review
finds no evidence that
display blue light
causes retinal disease

Summary

For the better part of a decade, “blue light hazard” has been a fixture of display marketing, certification
programs, and product specifications. The premise is that the blue light emitted by laptops, monitors, TVs and
phones poses a photochemical risk to the retina.

This paper makes the case that the claim is not supported by the standard from which it is derived.

First, it shows that the word “blue” does not have a single meaning across the bodies that invoke it and that the
equivocation between definitions is doing most of the rhetorical work. Second, it walks through what blue light
hazard means in the underlying standards: ICNIRP’s exposure guidelines, codified for product certification in IEC
62471:2006 (jointly published as CIE S 009:2002) and updated by ICNIRP in 2013. Then it covers what that
framework’s risk-group classification says. Third, it places consumer displays inside the framework using values
computed from first principles.
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The result: every consumer display modeled (laptop, monitor, TV, and phone classes, considered as full-screen
white-emitting panels at typical viewing distances) falls into Risk Group O, the IEC 62471 classification for sources
posing no photobiological hazard. The sources the standard was written to regulate in Risk Group 2 are arc welders,
surgical illuminators, and the sun (specifically, the disk of the sun viewed directly).

The gap between devices in Risk Group O versus the sources in Risk Group 2 is not marginal; it is larger by four
to seven orders of magnitude (i.e. ten thousand to ten million times bigger). At that scale, we are no longer
comparing two versions of the same thing. Said differently, there is no version of the IEC 62471 framework in
which a laptop and a welding arc are in the same hazard category.

The paper closes by noting what the regulatory framework and the clinical consensus together imply for how
the term “blue light hazard” should be used in display contexts.

“Blue” does not have a single meaning

“Blue” is a heuristic to describe a wide and varying nanometer range in different contexts.

Maui County in a 2022 ordinance restricts outdoor lighting fixtures to less than 2% of blue in the 400-500 nm
band. The motivation is light pollution’s effect on endangered sea turtles and Hawaiian petrels, which are
disoriented by short-wavelength coastal lighting. The regulation is well-grounded in ecology and wholly silent on
human health.

Display certification programs that invoke “blue light hazard” typically define blue light as the 380-500 nm
“high-energy visible” range, with a “harmful blue” sub-band at the 415-455 nm range for certification thresholds.
The 415-455 nm window does map to the high-weight portion of the photobiological action spectrum used by the
underlying ICNIRP standard. ICNIRP, the international body whose exposure guidelines underpin the standards
being invoked, does not define “blue” as a band at all. It defines a continuous blue-light hazard action spectrum, B(\),
subsequently standardized by CIE S 009:2002 / IEC 62471:2006, that peaks near 435-440 nm and decays
smoothly in both directions. Whether a particular wavelength contributes meaningfully depends on what fraction
of the curve it samples. There is no on/off threshold.

In colorimetry, the discipline that governs how displays produce images, “blue” is a primary defined by
chromaticity coordinates, not by a wavelength cutoff. A display’s “blue subpixel” emits across a range of
wavelengths, and what counts as blue depends on observer matching functions, not on physical thresholds.

Assuming “blue light” is a single, well-defined band is mistaken, and so is anyone using the term as such. Any
discussion (in science, engineering, product or marketing) of the hazard of blue light should be grounded in greater
rigor and clarity. Specifically, the question is: at what wavelengths, at what intensities, and for how long is light
detrimental to the visual system? In other words, the answer is computed through analysis of spectrum, radiance,
and duration.

What is blue light hazard

The phrase “blue light hazard” was given its regulatory form in ICNIRP’s Guidelines on Limits of Exposure to
Incoherent Visible and Infrared Radiation, codified for product certification in IEC 62471:2006 and ANSI/IES
RP-27.1-22. These are the standards consumer-display photobiological certifications derive from and are
unambiguous about what they are protecting.
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The hazard they describe is photochemical retinal injury: a chronic-exposure mechanism in which sustained
viewing of high-radiance short-wavelength light damages the retinal pigment epithelium and photoreceptors. The
mechanism is real. It is why ophthalmologists worry about surgical microscope exposure, why arc welders need
filtered helmets, and why no one looks at the sun. It has nothing to do with eyestrain, sleep, alertness, or any of the
other complaints commonly attributed to screens.

The standard expresses the exposure limit through a single dose relation, L_B - t < 10° J-m %sr™*, where L_B is
the source’s spectral radiance integrated against B(A). For exposures longer than 10,000 s (~2.78 h), the limit
becomes a steady-state ceiling, L_B < 100 W-m™2sr™. IEC 62471 translates this single relation into four risk groups,
defined by the maximum permissible exposure time before the dose limit is reached:

Risk Group L_B threshold Permissible Definition (verbatim, IEC 62471 §6.1)

(W-m2sr) exposure
RGO (Exempt) <100 unlimited (= “No photobiological hazard.”

10,000 s)
RG1 (Low Risk) =< 10,000 >100s “Does not pose a hazard due to normal behavioral limitations on
exposure.”

RG2 (Moderate <4 x 10° 20.25s “Does not pose a hazard due to the aversion response to very
Risk) bright light sources or due to thermal discomfort.”
RG3 (High Risk) >4 x 10° <0.25s “May pose a hazard even for momentary or brief exposure.”

The thresholds are not conventions. Each falls directly out of the dose relation: 10,000 s of permissible
exposure corresponds to L_B = 100 W-m™sr™, 100 s to 10,000, and 0.25 s (the eye’s standardized aversion-
response time) to 4,000,000. These are the boundaries of the framework that display certification programs
operate inside.

A natural question follows: if the dose limit accumulates linearly with time, does chronic display use eventually
reach it? At L_B = 0.1 W-m™sr™* (a typical sustained-viewing display), naive extrapolation of L_B - t = 10° J-m™.sr™
gives a “limit” at 107 seconds, roughly a year of 8-hour-per-day use. The framework does not behave that way. Past
10,000 s, the dose relation is replaced by a steady-state radiance ceiling, L_.B < 100 W-m™-sr™*, applicable
indefinitely. The two regimes meet at the breakpoint (100 W-m™-sr™* x 10,000 s = 10° J-m™sr™") but do not
continue beyond it. Reciprocity is bounded by construction.

The biological basis for the breakpoint is that photochemical damage in the retinal pigment epithelium
competes with active repair processes: outer-segment renewal, antioxidant systems, RPE turnover. Below an
irradiance threshold, repair keeps pace with damage and no net injury accumulates regardless of exposure duration.
The dose-time reciprocity (Bunsen-Roscoe behaviour) that holds for short, intense exposures does not hold for
chronic low-intensity ones. ICNIRP reviewed the long-duration low-intensity literature in its 2013 update and
reaffirmed the dual-threshold structure rather than extending reciprocity into the chronic regime. The empirical
position is consistent: decades of observational data on heavy display users have not produced an epidemiological
signal of photochemical retinal injury attributable to screen exposure.
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Measuring Blue Light Hazard in displays

L_B was computed from first principles for several reference sources. The solar-disc value uses the ASTM G173
reference direct-beam spectrum integrated against B(\) and divided by the solar disc’s solid angle. Display values
use Gaussian-primary models constrained to produce a D65 white at unit luminance for three display classes: a
modern WOLED, a quantum-dot OLED, and a white-LED-plus-phosphor LCD. The calculation methods are
summarised in the appendix. Synthetic display SPDs overstate L_B by roughly two- to four-fold compared to
spectroradiometer measurements of real LCDs, so the values below should be read as conservative upper bounds;
the conclusion is robust to that bias and to far larger ones. Welding values are cited rather than computed.

The modeled scope is consumer displays in normal handheld or seated viewing configurations: laptops,
monitors, TVs, and phones. L_B is an intrinsic property of the source (radiance, not irradiance) and does not change
with viewing distance for sources subtending more than ~11 mrad at the eye, the small-source / extended-source
boundary in IEC 62471. Every consumer display in normal use clears that angular threshold by orders of magnitude,
so the classification applies whether the user is at a desk, on a couch, or holding a phone at close reading distance.
The result is not directly extensible to near-eye displays (VR/AR head-mounted optics, where projection optics
elevate retinal radiance per unit panel luminance), to laser-based projection systems, to bare LED emitters, or to
high-output professional or specialty optical products. Each of those categories warrants a separate photobiological
assessment under IEC 62471's small-source / large-source procedures. The conclusion below applies to the
modeled scope.

Organized by IEC 62471 risk group:

Source L_v (cd/m? L_B (W-m™sr™) RG Margin to RGO ceiling
RG2/RG3 boundary - 4 x10° - 40,000x above
Solar disc, midday, sea level (AM1.5 direct)* - 1.1 x 10° RG2 11,000x above
Unfiltered GMAW welding arc, 200 A - ~10° RG2  10,000x above
RG1/RG2 boundary - 10,000 - 100x above
RGO ceiling: Exempt threshold - 100 - 1x

Display at HDR peak (small-area transient) 1,500 1.3 RGO  80x below
Display at HDR sustained full-field 1,000 0.85 RGO  120x below
Display at premium-laptop maximum brightness 500 042 RGO  240x below
Filtered welding arc (shade-10 helmet) - ~1 RGO 100x below
Display at typical sustained viewing 150 0.13 RGO ~800x below

*Sun classified RG2 for sea-level naked-eye viewing under typical atmospheric conditions. The sun can reach
RG3 through optical magnification (binoculars, telescopes), which elevates retinal radiance by orders of magnitude.
The standard’s named protective mechanism, the 0.25 s aversion response, works for the unaided sun in normal
conditions. Solar retinopathy occurs when that response weakens (eclipse viewing, where the visible disc dims and
the aversion response weakens with it) or is overridden (sustained sun-gazing practices).

Three observations follow directly from the table and form the substance of the argument.
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The hazard regime, the one IEC 62471 was written to regulate, sits at L_B between roughly 10° and 10°
W-m2sr™". It contains arc welders, the sun viewed directly, and certain medical illuminators. These sources are
RG2, and the standard explicitly relies on the eye’s aversion response (blink reflex plus saccadic movement, formally
clocked at 0.25 seconds) as the named protective mechanism. This is how the term “blue light hazard” is defined.

Every consumer display modeled sits in Risk Group O, the regulatory classification for sources posing no
photobiological hazard. A premium laptop at maximum sustained brightness produces L_B = 0.4 W-m™sr™*, more
than two hundred times below the threshold above which IEC 62471 would no longer classify the source as
Exempt. Even a display held at HDR peak brightness, historically a small-area transient and increasingly approached
by sustained full-field output on current-generation premium panels (Apple Pro Display XDR sustains roughly 1,000
nits full-field; mini-LED TVs are pushing higher), is eighty times below the threshold. For typical sustained viewing
at 150 cd/m?, the margin approaches three orders of magnitude.

Between consumer-display radiances and the hazard regime, there is nothing. No consumer display modeled
approaches Risk Group 1. From any consumer display in the modeled scope to the lowest hazard classification
(RG2) is a categorical jump of four orders of magnitude or more. For comparison, four orders of magnitude
measured in time is the difference between one day and about 27 years.

A note on the standard’s adult-eye assumptions. Younger crystalline lenses transmit more short-wavelength
light than middle-aged adult lenses (roughly 2-3x more at 440 nm in young children than in a 60-year-old). Aphakic
and pseudophakic patients lack the natural lens filter entirely; ICNIRP provides a separate aphakic-eye action
spectrum for these cases. Even at a 3x sensitivity multiplier (bracketing both the youngest patients and the aphakic
case), the modeled-display margin (80x at HDR peak, ~800x at typical use) leaves consumer displays comfortably in
Risk Group 0. The framework’s broader caution about sensitive populations applies to higher-risk-group sources,
not to the consumer-display class.

The marketing distinction between “low blue light” displays and baseline displays does not correspond to any
meaningful difference in photochemical retinal hazard, because there is no meaningful photochemical retinal
hazard in the consumer-display category to begin with.

AView From Ophthalmology

The major ophthalmological and optometric societies converge on the same conclusion the standards reach.

The American Academy of Ophthalmology, in its public guidance on digital devices and the eyes: “Blue light
from computers will not lead to eye disease... the small amount of blue light coming from computer screens has never been
shown to cause any harm to our eyes.”

The UK Association of Optometrists, in its 2017 position statement on visible blue light: “There is currently no
evidence to suggest that visible blue light has any effect on the development of eye conditions such as age-related macular
degeneration (AMD) or glaucoma.”

The Royal Australian and New Zealand College of Ophthalmologists, in its 2020 position statement: “The
amount of radiation coming from a computer has never been demonstrated to cause any eye disease.”

A 2022 review in the American Journal of Ophthalmology (Mainster et al., The Blue Light Hazard Versus Blue Light
Hype) characterizes the hazard claim more sharply: “The blue light hazard is misused as a marketing stratagem to alarm
people into using spectacles and IOLs that restrict blue light” The paper notes the absence of evidence that
environmental light exposure causes age-related macular degeneration.
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The CIE’s 2019 position statement on the blue light hazard is the standards-body equivalent: “The blue light
hazard is not an issue for white-light sources used in general lighting.” The same statement explicitly notes that the term
“should not be used when referring to circadian rhythm disruption or sleep disturbance.”

The IEC 62471 framework is a regulatory structure derived from acute-exposure photochemical-injury
thresholds; ICNIRP reaffirmed the structure in its 2013 update after reviewing the long-duration low-intensity
literature. The clinical-society convergence comes from a different evidentiary base: clinical experience with display
users and epidemiological evidence on macular degeneration. The two lines of reasoning reach the same conclusion
through different methods. That is a stronger position than either alone: the conclusion holds whether you evaluate
it through the standard’s regulatory apparatus or through the clinical literature.

A Path Forward

The implications for how the display industry should talk about display health are direct. Marketing claims and
certifications that distinguish “low-blue-light” displays from baseline displays on the basis of photochemical retinal
hazard are not supported by the standard the term derives from. The measurement methodologies these
certifications use are typically rigorous; they describe a real difference in spectral output against a real action curve.

But the interpretation of that measurement as a hazard reduction has no support in IEC 62471, because no
consumer display is in a hazard category to begin with.

What should replace “low-blue-light” framing is straightforward to specify. Report a display’s spectral power
distribution at defined viewing geometry. Evaluate it against the action spectrum corresponding to the outcome of
interest, B(\) for retinal photochemical hazard. Report the result in physical units against the formal classification
framework.

For retinal photochemical hazard, every display modeled reaches the same answer: RGO, with margins ranging
from roughly 80x at HDR peak brightness to nearly three orders of magnitude at typical sustained viewing.

Conclusion

If the reader takes only one fact from this paper, let it be this. Under IEC 62471, the photobiological safety
standard from which “blue light hazard” claims are nominally derived, every consumer display modeled falls into
Risk Group 0, the regulatory classification for sources posing no photobiological hazard.

The hazard classifications, RG2 and RGS3, are reserved for arc welders, surgical illuminators, and the directly-
viewed sun, sources four to seven orders of magnitude brighter than any consumer display in the modeled scope.

There is no scientific basis under the actual standard for treating a consumer laptop, monitor, TV, or phone in
normal use as a blue-light hazard.

Appendix: How each value was calculated

The hero image and the table in §”Measuring Blue Light Hazard in displays” share five computed reference
points. For each, the inputs and the method are summarised below.

Solar disc, midday, sea level (first principles). Numerical integration of the ASTM G173-03 reference direct +
circumsolar solar spectrum against the ICNIRP B(\) action spectrum on a 1 nm grid, yielding a B-weighted irradiance
E B=/EAA-B(\) d\ =76 W-m™ at the eye. The radiance of the solar disc is then E_B divided by the solar disc’s
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solid angle: Q_sun =1t - 6% = 6.8 x 107 sr (where 8 = 4.65 x 107° rad is the solar angular radius at mean Earth-Sun
distance). Result: L_B = 1.1 x 10°* W-m™sr™*, classified RG2 under sea-level naked-eye conditions. RG3 conditions
are noted in the table footnote above.

Unfiltered GMAW welding arc, 200 A (cited). Welding-arc spectra vary substantially by process, current, and
shielding gas, and arc-source measurement is outside the scope of this paper. Tenkate (1998) and the ICNIRP
statement on welding (2010) both place B-weighted radiance for unfiltered GMAW arcs in the 10°-10° W-m2-sr™*
range. L_B = 10° W-m™sr™ is used as a representative central value. The RG2 classification is robust across the
literature range.

Display at typical sustained viewing (L_v = 150 cd/m? modeled). Three synthetic display SPDs were
constructed as sums of Gaussian primaries: modern WOLED (B/G/R at 460/530/620 nm with FWHM 25/40/40
nm), QD-OLED (450/530/615, FWHM 20/25/30), and white-LED-plus-phosphor LCD (450/540/610, FWHM
20/60/80). Each model was constrained to produce a D65 white at unit luminance: per-primary radiometric
weights were solved via the linear system on chromaticity coordinates (x = 0.3127, y = 0.3290) and luminance (L_v
= 1 cd/m?). The combined spectral radiance at white S_white(\) was integrated against B(A). The three models
produced L_B per cd/m? values of 8.0 x 10™* (WOLED, 460 nm blue), 8.5 x 10™* (QD-OLED, 450 nm blue), and 8.5
x 10™ (LCD, 450 nm blue) W-m™sr™*-(cd/m?. The spread is narrower than naive first-principles intuition might
suggest because the chromaticity-solve compensates: narrower primaries and shorter blue-peak wavelengths shift
the radiometric weights of the green and red primaries in the D65 solve, which partially offsets the higher per-watt
B(A) weighting of the bluer primary. Scaled to typical sustained brightness: L_B = 0.13 W-m™2sr™*.

Display at premium-laptop maximum brightness (L_v = 500 cd/m? modeled). Same pipeline as above, scaled to
500 cd/m? L_B = 0.42 W-m.sr™.

Display at HDR peak (L_v = 1,500 cd/m? small-area transient, modeled). Same pipeline, scaled to 1,500 cd/m?.
This is a peak-luminance figure for a small bright area on a premium HDR display, not a sustained full-field
condition any consumer display reaches in normal use. L_B = 1.3 W-m™2.sr™.

On the modeled-display values. The synthetic Gaussian SPDs overstate L_B by an estimated 2-4x compared to
spectroradiometer measurements of real LCDs (validated against O’Hagan, Khazova & Price, Eye 30:230-233,
2016, which measured ~0.05 W-m™sr™ on an iPad 3 LCD at typical brightness; the LCD model at the same
luminance produces ~0.21 W-m™-sr™*). The modeled values above should therefore be read as conservative upper
bounds on real consumer-display L_B. The conclusion (Risk Group 0, with two to three orders of magnitude of
margin) is robust to that bias and to far larger ones.
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