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• Non-laser source of ultraviolet, visible, and/or IR radiation.
– Welding and cutting arcs, high intensity lamps, flash events

• Like lasers, damage mechanisms are thermal & photochemical
• Formerly, guidance was in AR 40-46 with lasers (AR phased out)

– HIOS guidance became “scattered,” harder to find

What is a High Intensity Optical Source?

2
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• Acute effects (short-term high 
exposure)

– Possible damage to eyes and 
skin

– Photochemical and thermal 
damage possible, just like lasers

3

Retinal
Injury?

Cornea
Injury?

Skin
Injury?

• Chronic effects (long-term with years of exposure)
– IR in hot environments (e.g., glass blowing 

factories, foundries) - cataract
– UV - photoaging, skin cancer
– Visible, especially blue – increased risk for eye 

diseases?  Data inconclusive
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Optical (Non-laser) Source

4

Is UV a Possible Component?
(includes 180-400 nm) See UV TLV 

Is the Source a Blue-Light Source 
(305-700 nm only)

Blue-Light (Photochemical) 
TLV END

Is the Source an Infrared Source? 
(770-3000 nm only) Infrared TLVs END

YES

YES

YES

Is the Luminance Greater than 
1 𝑐𝑐𝑐𝑐 ⋅ 𝑐𝑐𝑚𝑚−2? (brighter than handheld 

LED keychain?)
ENDNO

NO

Blue-Light 
(Photochemical) TLV 

Corneal/ Lenticular 
TLV

Is the Source a 
Magnified Arc (e.g., 

arc projector)?

END

Retinal Thermal TLV

NO

NO

YES

NO

YES

Legend:
UV =  Ultraviolet
nm = nanometers
TLV = Threshold limit value
cd = candela
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Example is going to be looking at the spot light hazard for a Xenon Arc 
Lamp.  It is oblong in shape, so it has a width of ℎ = 0.8 𝑐𝑐𝑚𝑚 and a length 
of 𝑤𝑤 = 5 𝑐𝑐𝑚𝑚.  We will evaluate the hazard as if it is 𝑟𝑟 = 20 𝑐𝑐𝑚𝑚 away.  
The exposure time is only going to be for a quarter of a second 
𝑡𝑡 = 0.25 𝑠𝑠.  The spectrum for the lamp is on the next slide.

Example Parameters

5

ℎ = 0.8 𝑐𝑐𝑚𝑚

𝑟𝑟 = 20 𝑐𝑐𝑚𝑚

𝑤𝑤 = 5 𝑐𝑐𝑚𝑚

Image Source: APHC NRD
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Lamp Spectrum

11
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Optical (non-laser) Source

12

Is UV a Possible Component?
(includes 180-400 nm) See UV TLV 

Is the Source a Blue-Light Source 
(305-700 nm only)

Blue-Light (Photochemical) 
TLV END

Is the Source an Infrared Source? 
(770-3000 nm only) Infrared TLVs END

YES

YES

YES

Is the Luminance Greater than 
1 𝑐𝑐𝑐𝑐 ⋅ 𝑐𝑐𝑚𝑚−2? (brighter than handheld 

LED keychain?)
ENDNO

NO

Blue-Light 
(Photochemical) TLV 

Corneal/ Lenticular 
TLV

Is the Source a 
Magnified Arc (e.g., 

arc projector)?

END

Retinal Thermal TLV

NO

NO

YES

NO

YES

Legend:
UV =  Ultraviolet
nm = nanometers
TLV = Threshold limit value
cd = candela
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Lamp Spectrum
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UV Hazard Function

14
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UV Source

15

Is UV a Possible Component?
(includes 180-400 nm)

Is this a broadband source? END

Is it a laser (coherent radiation) 
source? See the Laser TLV ENDYES

NO

Broadband UV Sources-
Corneal Hazard

NO

YES

See Narrowband Source 
section

Broadband UV-A
Sources-Retinal Hazard



Approved for public release; distribution unlimited.U.S. Army Public Health Center

Protect Against Cataractogenesis

16

𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 = Σ180400𝐸𝐸𝜆𝜆 ⋅ 𝑆𝑆 𝜆𝜆 ⋅ Δ𝜆𝜆

Where:

𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 =  Effective Irradiance 𝑊𝑊
𝑐𝑐𝑚𝑚2 relative to 

a monochromatic source at 270 𝑛𝑛𝑚𝑚

𝐸𝐸𝜆𝜆 = Spectral Irradiance 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑛𝑛𝑚𝑚

𝑆𝑆(𝜆𝜆) = Relative Spectral Effectiveness 
𝑢𝑢𝑛𝑛𝑢𝑢𝑡𝑡𝑢𝑢𝑢𝑢𝑠𝑠𝑠𝑠 at the center wavelength
Δ𝜆𝜆 = “bucket size” 𝑛𝑛𝑚𝑚

NOTE: This equation is talking about the Irradiance 𝑊𝑊
𝑐𝑐𝑚𝑚2 , where as 

our data is in Radiance 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠

.  When dealing with this stuff be 
extremely careful with the units.  The difference between Irradiance 
and Radiance is the unit of steradians (𝑠𝑠𝑟𝑟) in the denominator.  To 
convert between the two we need to calculate the solid angle.
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Solid Angle

17

Ω
𝑟𝑟

𝐴𝐴

Ω =
𝐴𝐴
𝑟𝑟2

Basically, the Solid Angle is 
the area of the source divided 
by the square of the distance 
from the source.

Where:
Ω =  Solid Angle 𝑠𝑠𝑟𝑟
𝐴𝐴 = Area of source 𝑐𝑐𝑚𝑚2

For circle 𝐴𝐴 = 𝜋𝜋𝑟𝑟2

For ellipse 𝐴𝐴 = 𝜋𝜋(ℎ
2
⋅ 𝑤𝑤
2

)

𝑟𝑟 = distance from source 𝑐𝑐𝑚𝑚 , if not specified then 
use 20 𝑐𝑐𝑚𝑚 as closest distance.

Ω =
𝐴𝐴
𝑟𝑟2

=
𝜋𝜋(5 × 0.8)

4 ⋅ 202
= 0.0078 𝑠𝑠𝑟𝑟

Image Source: APHC NRD
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𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 = Σ180400𝐸𝐸𝜆𝜆 ⋅ 𝑆𝑆 𝜆𝜆 ⋅ Δ𝜆𝜆

UV Hazard

18

Multiply your Spectral data by the weighting function by how many wavelengths it represents.

To find 𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 simply use a spreadsheet to add all the values of the weighted data from 
(180 𝑛𝑛𝑚𝑚 < 𝜆𝜆 < 400 𝑛𝑛𝑚𝑚), and multiply by the solid angle to get the Radiance.

𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 = 0.00525
𝑊𝑊

𝑐𝑐𝑚𝑚2 ⋅ 𝑠𝑠𝑟𝑟
⋅ 0.0078 𝑠𝑠𝑟𝑟

𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 = 4.12 × 10−5
𝑊𝑊
𝑐𝑐𝑚𝑚2

Where:

𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 = Effective Irradiance 𝑊𝑊
𝑐𝑐𝑚𝑚2 relative to a 

monochromatic source at 270 𝑛𝑛𝑚𝑚

𝐸𝐸𝜆𝜆 = Spectral Irradiance 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑛𝑛𝑚𝑚

𝑆𝑆(𝜆𝜆) = Relative Spectral Effectiveness 
𝑢𝑢𝑛𝑛𝑢𝑢𝑡𝑡𝑢𝑢𝑢𝑢𝑠𝑠𝑠𝑠 at the center wavelength
Δ𝜆𝜆 = “bucket size” 𝑛𝑛𝑚𝑚
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Exposure Limits

19

Is viewing duration (𝑡𝑡) less than 
1000 𝑠𝑠 (17 𝑚𝑚𝑢𝑢𝑛𝑛𝑠𝑠) Use 𝐸𝐸𝑈𝑈𝑈𝑈−𝐴𝐴

𝑚𝑚𝑊𝑊
𝑐𝑐𝑚𝑚2 𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒𝑠𝑠𝑒𝑒 ≤ 1000 𝑚𝑚𝑚𝑚

𝑐𝑐𝑚𝑚
YES

NO

Use 𝐸𝐸𝑈𝑈𝑈𝑈−𝐴𝐴
𝑚𝑚𝑊𝑊
𝑐𝑐𝑚𝑚2 ≤ 1.0 𝑚𝑚𝑊𝑊

𝑐𝑐𝑚𝑚2

The exposure limit really depends on the viewing duration.  The longer the viewing duration, the less light a 
person should be exposed to. 

𝐸𝐸𝑈𝑈𝑈𝑈−𝐴𝐴
𝑚𝑚𝑊𝑊
𝑐𝑐𝑚𝑚2 𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒𝑠𝑠𝑒𝑒 ≤ 1000

𝑚𝑚𝑚𝑚
𝑐𝑐𝑚𝑚2

𝑡𝑡 = 0.25 𝑠𝑠

4.12 × 10−5
𝑊𝑊
𝑐𝑐𝑚𝑚2 ⋅

1000𝑚𝑚𝑊𝑊
1𝑊𝑊 ⋅ 0.25 𝑠𝑠 ≤ 1000

𝑚𝑚𝑚𝑚
𝑐𝑐𝑚𝑚2

0.0103
𝑚𝑚𝑚𝑚
𝑐𝑐𝑚𝑚2 ≤ 1000

𝑚𝑚𝑚𝑚
𝑐𝑐𝑚𝑚2

It is very important to note that UV exposure is cumulative.  
Also be careful with the units of this, notice how I had to 
convert Watts to milliwatts to make sure that the units match.
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Optical (Non-laser) Source

20

Is UV a Possible Component?
(includes 180-400 nm) See UV TLV 

Is the Source a Blue-Light Source 
(305-700 nm only)

Blue-Light (Photochemical) 
TLV END

Is the Source an Infrared Source? 
(770-3000 nm only) Infrared TLVs END

YES

YES

YES

Is the Luminance Greater than 
1 𝑐𝑐𝑐𝑐 ⋅ 𝑐𝑐𝑚𝑚−2? (brighter than handheld 

LED keychain?)
ENDNO

NO

Blue-Light 
(Photochemical) TLV 

Corneal/ Lenticular 
TLV

Is the Source a 
Magnified Arc (e.g., 

arc projector)?

END

Retinal Thermal TLV

NO

NO

YES

NO

YES

Legend:
UV =  Ultraviolet
nm = nanometers
TLV = Threshold limit value
cd = candela
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Lamp Spectrum

21
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Optical (Non-laser) Source

22

Is UV a Possible Component?
(includes 180-400 nm) See UV TLV 

Is the Source a Blue-Light Source 
(305-700 nm only)

Blue-Light (Photochemical) 
TLV END

Is the Source an Infrared Source? 
(770-3000 nm only) Infrared TLVs END

YES

YES

YES

Is the Luminance Greater than 
1 𝑐𝑐𝑐𝑐 ⋅ 𝑐𝑐𝑚𝑚−2? (brighter than handheld 

LED keychain?)
ENDNO

NO

Blue-Light 
(Photochemical) TLV 

Corneal/ Lenticular 
TLV

Is the Source a 
Magnified Arc (e.g., 

arc projector)?

END

Retinal Thermal TLV

NO

NO

YES

NO

YES

Legend:
UV =  Ultraviolet
nm = nanometers
TLV = Threshold limit value
cd = candela
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Lamp Spectrum

23
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Optical (Non-laser) Source

24

Is UV a Possible Component?
(includes 180-400 nm) See UV TLV 

Is the Source a Blue-Light Source 
(305-700 nm only)

Blue-Light (Photochemical) 
TLV END

Is the Source an Infrared Source? 
(770-3000 nm only) Infrared TLVs END

YES

YES

YES

Is the Luminance Greater than 
1 𝑐𝑐𝑐𝑐 ⋅ 𝑐𝑐𝑚𝑚−2? (brighter than handheld 

LED keychain?)
ENDNO

NO

Blue-Light 
(Photochemical) TLV 

Corneal/ Lenticular 
TLV

Is the Source a 
Magnified Arc (e.g., 

arc projector)?

END

Retinal Thermal TLV

NO

NO

YES

NO

YES

Legend:
UV =  Ultraviolet
nm = nanometers
TLV = Threshold limit value
cd = candela
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Optical (Non-laser) Source

25

Is UV a Possible Component?
(includes 180-400 nm) See UV TLV 

Is the Source a Blue-Light Source 
(305-700 nm only)

Blue-Light (Photochemical) 
TLV END

Is the Source an Infrared Source? 
(770-3000 nm only) Infrared TLVs END

YES

YES

YES

Is the Luminance Greater than 
1 𝑐𝑐𝑐𝑐 ⋅ 𝑐𝑐𝑚𝑚−2? (brighter than handheld 

LED keychain?)
ENDNO

NO

Blue-Light 
(Photochemical) TLV 

Corneal/ Lenticular 
TLV

Is the Source a 
Magnified Arc (e.g., 

arc projector)?

END

Retinal Thermal TLV

NO

NO

YES

NO

YES

Legend:
UV =  Ultraviolet
nm = nanometers
TLV = Threshold limit value
cd = candela
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Weighting Functions

26

All I did here was fill in the 
gaps. The table was given 
in every five wavelengths, 
so I broke it down to every 
wavelength.
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Blue Light Hazard Function

27
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Blue-Light Weighting Function Applied to Our 
Spectrum

28
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Blue-Light Weighting Function Applied to Our 
Spectrum

29
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𝐿𝐿𝐵𝐵 = Σ305700𝐿𝐿𝜆𝜆 ⋅ 𝐵𝐵 𝜆𝜆 ⋅ Δ𝜆𝜆

Blue Light Hazard

30

Where:
𝐿𝐿𝐵𝐵 = Effective Radiance of Light Source 

𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠

; To protect against retinal photo-
chemical injury from chronic blue-light 
exposure

𝐿𝐿𝜆𝜆 = Spectral Radiance 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠⋅𝑛𝑛𝑚𝑚

𝐵𝐵(𝜆𝜆) = Blue-Light Hazard Function 
𝑢𝑢𝑛𝑛𝑢𝑢𝑡𝑡𝑢𝑢𝑢𝑢𝑠𝑠𝑠𝑠
Δ𝜆𝜆 = “bucket size” 𝑛𝑛𝑚𝑚

Multiply your Spectral data by the weighting function to 
get weighted data (column G).
To find 𝐿𝐿𝐵𝐵 simply use a spreadsheet to add all the values of 
the weighted data from 305 𝑛𝑛𝑚𝑚 < 𝜆𝜆 < 700 𝑛𝑛𝑚𝑚 .

𝐿𝐿𝐵𝐵 = 111.75
𝑊𝑊

𝑐𝑐𝑚𝑚2 ⋅ 𝑠𝑠𝑟𝑟
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Exposure Limits

31

Is viewing duration (𝑡𝑡) less than 
104 𝑠𝑠 (167 𝑚𝑚𝑢𝑢𝑛𝑛𝑠𝑠 or ~2.8 ℎ𝑟𝑟𝑠𝑠) Use 𝐿𝐿𝐵𝐵

𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠

≤ 100
𝑡𝑡 𝑠𝑠

YES

NO

Use 𝐿𝐿𝐵𝐵
𝑊𝑊

𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠
≤ 10−2

The exposure limit really depends on the viewing duration.  The longer the viewing duration, the less light a 
person should be exposed to. 

𝐿𝐿𝐵𝐵 ≤
100
𝑡𝑡 𝑠𝑠

𝑡𝑡 = 0.25 𝑠𝑠

111.75 ≤
100
.25

111.75 ≤ 400
True

It is very important to note that Blue Light Exposure is 
cumulative, so our example says that this person is safe for a 
0.25-s exposure, but if they are exposed for longer than 1 s 
within that working day, then they are over the limit.
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Optical (Non-laser) Source

32

Is UV a Possible Component?
(includes 180-400 nm) See UV TLV 

Is the Source a Blue-Light Source 
(305-700 nm only)

Blue-Light (Photochemical) 
TLV END

Is the Source an Infrared Source? 
(770-3000 nm only) Infrared TLVs END

YES

YES

YES

Is the Luminance Greater than 
1 𝑐𝑐𝑐𝑐 ⋅ 𝑐𝑐𝑚𝑚−2? (brighter than handheld 

LED keychain?)
ENDNO

NO

Blue-Light 
(Photochemical) TLV 

Corneal/ Lenticular 
TLV

Is the Source a 
Magnified Arc (e.g., 

arc projector)?

END

Retinal Thermal TLV

NO

NO

YES

NO

YES

Legend:
UV =  Ultraviolet
nm = nanometers
TLV = Threshold limit value
cd = candela
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Protect against Cataractogenesis

33

𝐸𝐸𝐼𝐼𝐼𝐼−𝑒𝑒𝑛𝑛𝑜𝑜𝑜𝑜 = Σ7703000𝐸𝐸𝜆𝜆 ⋅ Δ𝜆𝜆
Where:

𝐸𝐸𝐼𝐼𝐼𝐼−𝑒𝑒𝑛𝑛𝑜𝑜𝑜𝑜 =Total Infrared Irradiance 𝑊𝑊
𝑐𝑐𝑚𝑚2 ; To protect against thermal injury to the cornea 

and lens from infrared (IR) radiation.

𝐸𝐸𝜆𝜆 = Irradiance 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑛𝑛𝑚𝑚

Δ𝜆𝜆 = “bucket size” 𝑛𝑛𝑚𝑚

NOTE: This equation is talking about the Irradiance 𝑊𝑊
𝑐𝑐𝑚𝑚2 , where as 

our data and all the calculations before us is in Radiance 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠

.  
When dealing with this stuff be extremely careful with the units.

NOTE: There is no weighting function, which means that all 
wavelengths between 770-3000 nm contribute equally to the corneal 
hazard.



Approved for public release; distribution unlimited.U.S. Army Public Health Center

Solid Angle

34

Ω
𝑟𝑟

𝐴𝐴
Ω =

𝐴𝐴
𝑟𝑟2

Again I should remind you 
about Solid Angles

Where:
Ω = Solid Angle 𝑠𝑠𝑟𝑟
𝐴𝐴 = Area of source 𝑐𝑐𝑚𝑚2

For circle 𝐴𝐴 = 𝜋𝜋𝑟𝑟2

For ellipse 𝐴𝐴 = 𝜋𝜋(𝑜𝑜
2
⋅ 𝑤𝑤
2

)

𝑟𝑟 = distance from source 𝑐𝑐𝑚𝑚 , if not specified then 
use 20 𝑐𝑐𝑚𝑚 as closest distance.

Ω =
𝐴𝐴
𝑟𝑟2

=
𝜋𝜋(5 × 0.8)

4 ⋅ 202
= 0.0078 𝑠𝑠𝑟𝑟

Note that his Solid Angle is specific to 
the situation of being 20 cm away.  You 
can adjust this, based on the situation.

Image Source: APHC NRD
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𝐸𝐸𝐼𝐼𝐼𝐼−𝑒𝑒𝑛𝑛𝑜𝑜𝑜𝑜 = Σ7703000𝐸𝐸𝜆𝜆 ⋅ Δ𝜆𝜆

35

Sum the Spectral Radiance directly (column B).  You 
don’t need to use any weighting functions for this.

𝐸𝐸𝐼𝐼𝐼𝐼−𝑒𝑒𝑛𝑛𝑜𝑜𝑜𝑜 = 483.44
𝑊𝑊

𝑐𝑐𝑚𝑚2 ⋅ 𝑠𝑠𝑟𝑟
⋅ 0.007854 𝑠𝑠𝑟𝑟

𝐸𝐸𝐼𝐼𝐼𝐼−𝑒𝑒𝑛𝑛𝑜𝑜𝑜𝑜 = 3.80
𝑊𝑊
𝑐𝑐𝑚𝑚2

Ω =
𝐴𝐴
𝑟𝑟2

Protect against Cataractogenesis
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Exposure Limits

36

Is viewing duration (𝑡𝑡) less than 
103 𝑠𝑠 (17 𝑚𝑚𝑢𝑢𝑛𝑛𝑠𝑠) Use 𝐸𝐸𝐼𝐼𝐼𝐼−𝑒𝑒𝑛𝑛𝑜𝑜𝑜𝑜

𝑊𝑊
𝑐𝑐𝑚𝑚2 ≤ 1.8 ⋅ 𝑡𝑡−0.75YES

NO

Use 𝐸𝐸𝐼𝐼𝐼𝐼−𝑒𝑒𝑛𝑛𝑜𝑜𝑜𝑜
𝑊𝑊
𝑐𝑐𝑚𝑚2 ≤ 0.01

The exposure limit really depends on the viewing duration.  The longer the viewing duration, the less light a 
person should be exposed to.  This is not cumulative exposures. 

𝐸𝐸𝐼𝐼𝐼𝐼−𝑒𝑒𝑛𝑛𝑜𝑜𝑜𝑜 ≤ 1.8 ⋅ 𝑡𝑡−0.75

3.80 = 1.8 ⋅ 0.25−0.75 𝑠𝑠

3.80
𝑊𝑊
𝑐𝑐𝑚𝑚2 ≤ 5.09

𝑊𝑊
𝑐𝑐𝑚𝑚2

True, the lamp for our example is 
safe for this Hazard
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Optical (Non-laser) Source

37

Is UV a Possible Component?
(includes 180-400 nm) See UV TLV 

Is the Source a Blue-Light Source 
(305-700 nm only)

Blue-Light (Photochemical) 
TLV END

Is the Source an Infrared Source? 
(770-3000 nm only) Infrared TLVs END

YES

YES

YES

Is the Luminance Greater than 
1 𝑐𝑐𝑐𝑐 ⋅ 𝑐𝑐𝑚𝑚−2? (brighter than handheld 

LED keychain?)
ENDNO

NO

Blue-Light 
(Photochemical) TLV 

Corneal/ Lenticular 
TLV

Is the Source a 
Magnified Arc (e.g., 

arc projector)?

END

Retinal Thermal TLV

NO

NO

YES

NO

YES

Legend:
UV =  Ultraviolet
nm = nanometers
TLV = Threshold limit value
cd = candela
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Retinal Thermal Hazard Function
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𝐿𝐿𝐼𝐼 = Σ3801400𝐿𝐿𝜆𝜆 ⋅ 𝑅𝑅 𝜆𝜆 ⋅ Δ𝜆𝜆

Retinal Thermal

41

Where:

𝐿𝐿𝐼𝐼 = Effective Radiance of Lamp 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠

; 
To protect against retinal thermal injury 
from a visible light source

𝐿𝐿𝜆𝜆 = Spectral Radiance 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠⋅𝑛𝑛𝑚𝑚

𝑅𝑅(𝜆𝜆) = Thermal Hazard Function 
𝑢𝑢𝑛𝑛𝑢𝑢𝑡𝑡𝑢𝑢𝑢𝑢𝑠𝑠𝑠𝑠
Δ𝜆𝜆 = “bucket size” 𝑛𝑛𝑚𝑚

Multiply your Spectral data by the weighting function to 
get weighted data (column J).
To find 𝐿𝐿𝐼𝐼 simply use a spreadsheet to add all the values of the 
weighted data from (380 𝑛𝑛𝑚𝑚 < 𝜆𝜆 < 1400 𝑛𝑛𝑚𝑚).

𝐿𝐿𝐼𝐼 = 616.65
𝑊𝑊

𝑐𝑐𝑚𝑚2 ⋅ 𝑠𝑠𝑟𝑟
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Retinal Thermal Exposure Limits
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Is this a large source? 𝛼𝛼 > 0.1 𝑟𝑟𝑟𝑟𝑐𝑐

Use 𝐿𝐿𝐼𝐼 ≤ 640 ⋅ 𝑡𝑡−0.25

YES

NO

For protection against retinal thermal injury find, 𝐿𝐿𝐼𝐼 which is measured in 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠

, and compare this to the 
exposure limit which varies based on exposure duration, and angular subtense.

Exposure Limit 
depends on 

viewing duration

Use 𝐿𝐿𝐼𝐼 ≤ 16 ⋅ 𝑡𝑡−0.75

Use 𝐿𝐿𝐼𝐼 ≤ 45

10−6𝑠𝑠 < 𝑡𝑡 < 0.00063𝑠𝑠

0.00063𝑠𝑠 < 𝑡𝑡 < 0.25𝑠𝑠

0.25𝑠𝑠 < 𝑡𝑡

Is this a small source?
1.7 mrad < 𝛼𝛼 < 0.1 𝑟𝑟𝑟𝑟𝑐𝑐

(continued on next slide)
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Angular Subtense (𝜶𝜶)

43

Determine the Angular Subtense (𝛼𝛼) of the source in radians (𝑟𝑟𝑟𝑟𝑐𝑐).

𝛼𝛼𝑐𝑐𝑐𝑐𝑠𝑠𝑐𝑐 =
𝑐𝑐
𝑟𝑟

𝛼𝛼𝑐𝑐𝑐𝑐𝑠𝑠𝑐𝑐

𝛼𝛼𝑒𝑒𝑜𝑜𝑜𝑜
𝛼𝛼𝑒𝑒𝑜𝑜𝑜𝑜 =

𝑢𝑢 + 𝑤𝑤
2𝑟𝑟

𝑐𝑐

𝑤𝑤

𝑟𝑟

𝑟𝑟
𝑢𝑢

𝑢𝑢 = 5 𝑐𝑐𝑚𝑚
𝑤𝑤 = 0.8 𝑐𝑐𝑚𝑚

𝛼𝛼𝑒𝑒𝑜𝑜𝑜𝑜 =
𝑢𝑢 + 𝑤𝑤
2𝑟𝑟

𝛼𝛼𝑒𝑒𝑜𝑜𝑜𝑜 = 0.029 𝑟𝑟𝑟𝑟𝑐𝑐𝑢𝑢𝑟𝑟𝑛𝑛𝑠𝑠
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Retinal Thermal Exposure Limits

44

Is this a large source? 𝛼𝛼 > 0.1 𝑟𝑟𝑟𝑟𝑐𝑐

Use 𝐿𝐿𝐼𝐼 ≤ 640 ⋅ 𝑡𝑡−0.25

YES

NO

For protection against retinal thermal injury find, 𝐿𝐿𝐼𝐼 which is measured in 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠

, and compare this to the 
exposure limit which varies based on exposure duration, and angular subtense.

Exposure Limit 
depends on 

viewing duration

Use 𝐿𝐿𝐼𝐼 ≤ 16 ⋅ 𝑡𝑡−0.75

Use 𝐿𝐿𝐼𝐼 ≤ 45

10−6𝑠𝑠 < 𝑡𝑡 < 0.00063𝑠𝑠

0.00063𝑠𝑠 < 𝑡𝑡 < 0.25𝑠𝑠

0.25𝑠𝑠 < 𝑡𝑡

Is this a small source?
1.7 mrad < 𝛼𝛼 < 0.1 𝑟𝑟𝑟𝑟𝑐𝑐

(continued on next slide)
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Retinal Thermal Exposure Limits (Cont.)

45

(continued from previous slide)
Is this a small source?
1.7 mrad < 𝛼𝛼 < 0.1 𝑟𝑟𝑟𝑟𝑐𝑐

Use 𝐿𝐿𝐼𝐼 ≤ 640 ⋅ 𝑡𝑡−0.25

YES

For protection against retinal thermal injury find, 𝐿𝐿𝐼𝐼 which is measured in 𝑊𝑊
𝑐𝑐𝑚𝑚2⋅𝑠𝑠𝑠𝑠

, and compare this to the 
exposure limit which varies based on exposure duration, and angular subtense.

Exposure Limit 
depends on 

viewing 
duration, and 

limits on angular 
subtense

10−6𝑠𝑠 < 𝑡𝑡 < 0.00063𝑠𝑠
With 𝛼𝛼 < 0.2 𝑡𝑡 (radians)

0.00063𝑠𝑠 < 𝑡𝑡 < 0.25𝑠𝑠
With 𝛼𝛼 < 0.1 (radians)

0.25𝑠𝑠 < 𝑡𝑡
With 𝛼𝛼 < 0.1 (radians)

Use 𝐿𝐿𝐼𝐼 ≤
4.5
𝛼𝛼

Use 𝐿𝐿𝐼𝐼 ≤
3.2
𝛼𝛼
𝑡𝑡−0.25

𝐿𝐿𝐼𝐼 ≤
3.2
𝛼𝛼
𝑡𝑡−0.25

616.65 ≤
3.2

0.029
0.25 −0.25

616.65 ≤ 156.05
This lamp from our example is a Retinal Thermal Hazard

Note: if 
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Optical (Non-laser) Source
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Is UV a Possible Component?
(includes 180-400 nm) See UV TLV 

Is the Source a Blue-Light Source 
(305-700 nm only)

Blue-Light (Photochemical) 
TLV END

Is the Source an Infrared Source? 
(770-3000 nm only) Infrared TLVs END

YES

YES

YES

Is the Luminance Greater than 
1 𝑐𝑐𝑐𝑐 ⋅ 𝑐𝑐𝑚𝑚−2? (brighter than handheld 

LED keychain?)
ENDNO

NO

Blue-Light 
(Photochemical) TLV 

Corneal/ Lenticular 
TLV

Is the Source a 
Magnified Arc (e.g., 

arc projector)?

END

Retinal Thermal TLV

NO

NO

YES

NO

YES

Legend:
UV =  Ultraviolet
nm = nanometers
TLV = Threshold limit value
cd = candela
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Aphakic Hazard Function

47
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