Laser safety topics

1. How does light affect our eyes and skin?
2. Light-induced eye damages

3. Particular risks due to laser radiation

4. Safety goggles

5. First aid instructions

Christoph Reiter, MBI - European Laser Workshop, June 2026



How does light affect our eyes? =
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How does light affect our eyes?
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Influence due to ...

Transmission, absorption f(A),
Quantum energy f(A),

Power density [W/cm?] , fluence [J/cm?]
Pulse duration,

Nonlinear effects,

Time of exposure,

Beam parameters,

Ambient lighting — pupil aperture ..



Interaction with the skin |
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* UVC (100-280nm): strong absorption, e VIS (380-780nm): photochem. + therm. processes,
 UVB (280-315nm): erytheme =0,1 J/cm?, * IRA (780-1400nm) + IRB (1400-3000nm): burns,
 UVA (315-380nm): pigmentation =10 J/cm?, * IRC (3000nm-1mm): burns on the outer epidermis.

Medizinische Universitat Innsbruck



Light-induced damage of Cornea
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Photochemical ablation Photochemical keratitis

(e.g. pulse ~1us) (sunburn, conjunctivitis)
UV C <280nm UV <400nm
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Photothermal burns % _
IR B,C >1400nm + }! Photomechanical ablation

IR A 700-1400nm B4 (e.g. pulse ~10ns)

(e.g. pulse ~100ms) IR A 700-1400nm




nght-mduced damage of Crystal Lens A

Cataract
UV A 315 - 400nm

Photochemical oxidation + IR A,B 700 - 3000nm

(accelerate aging)
UV A,B <315nm

Photothermal burns
IR A,B 700 - 3000nm




Light-induced damage of Retina A

Focussing on retina:

No protective reflexes by irreparable damages,
pupil or eye lid makular degeneration and

IR A 700 - 14 visio:_w !oss 11
- oonm UV A + visible + IR A
380-1400nm

Affected fovea centrales:
visual acuity of only 10 %
remains

Retina exposure limit
only 1 mW for a wink (0,25s)
e.g. laserpointer class 2




Risk due to invisible radiation A
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Photopic and scotopic vision

luminous efficacy, Im/W

Scotopic vision
(dark adapted, rods)

Photopic vision
(light adapted, cones)
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Damage caused by retinal absorption

%
100

REMARE(ABLY

M--- VISIBLE LIGHT ---)|
] T

80 !

o i SUSCEPTI

60F i

s i RANGE TO'RETINA

0F

i
30 E< ---------------------

20F

«f i 380nm - 1400n

0 f—= T T | E— T T T — |
0.3 04 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 13 1.4 1.5
(Geeraets and Berry, 1968) WAVELENGTH mu 10




Increased risk due to fs-pulses

inner limiting Photoreceptor choroid
membrane layer

“... Below 1 ns, the damage threshold is
lowered by a combination of stress
confinement in microgranules of melanin
(pigment cells) and self-focusing, resulting

fs - pulse in a smaller beam on the retina. ...*

Medical Laser Application
Volume 25, Issue 2, April 2010, Pages 84-92

Histopathology of fs-laser exposure to the retina (200 pm), nonhuman primate
(courtesy Cynthia Toth, M.D_, Duke Eye Center).
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Further risk factors

* Changes over large distances,

* Handling of beam stabilization systems, g =88
» Scattered or reflected light,

* Missing shielding, beam blocks, etc.,
* Routine works, inattention,

* Mental stress, sickness, hectic,

* Mess at the workplace,

* Inattention towards others,

* Flammable substances,

* Incorrect goggles ..



Safety goggles
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Safety goggles

Leistungs- (E) bzw. Energiedichte (H) zur Prifung der Schutzwirkung und der Bestandigkeit gegen

: Laserstrahlung im Wellenldangenbereich
Maximaler

spektraler Power (E) and energy (H) density for testing the protective effect and resistance to laser radiation in the
Transmissionsgrad wavelength range

Schutz- bei den
S0 Lo [ 180mo315nm >315nm1400nm >14000m —>1000um

Fir Prifbedingung/Impulsdauer in Sekunden (s)

Scale Maximum speciral 35 e
number transmission for For test condition/pulse duration in s

laser wavelength
(A)

LBl 10" 0,01 3*10% 3+10" | e 10"
LB2 10° 0,1 3*10° gl 1n:)3 0.5 1,510 105 10° 10"
LB3 10° 1 g i 5 015  10° T
LB4 107 10 3*10° 3*10" 10° 50 1,5 107 10° 10'°
LB5 10° 10° 3*10° 3*10' 10° 5*10° 15 10° 10’ 10"
LB6 10° 10° 3*10” 3*10'° 107 510° 1,5*10° 10° 10° 10"
LB7 107 10° 310° 340" 10° s10°  1510° 10 10° 10'®
LB8 10°® 10° 3*10° 3*10"® 10° 5*10° 1,5*10" 10" 10" 10"
B9 10° 10° 3410 | a%10® 10 5+10° 1,5*10° 10" 10" i
LB10 107 10’ 340" | 310* 10" BE0f ek 00 10" 10" 10%

https://www.uvex-laservision.de/en/laser-safety/laser-safety-standards/ 14



First aid in case of injuries

A\

> Keep the eye calm and consult an eye specialist asap.
Do not drive! Have someone accompany you.

+ Vivantes Hospital Neukdlin - Clinic for Ophthalmology +
Rudower Str. 48, 12351 Berlin, Phone : +49 30 130 14 3135

https://www.vivantes.de/klinikum-neukoelln/augenheilkunde

24/7 available

> Diagnostics + Therapy

- Checking visual acuity,

- Checking the visual field (perimetry),
- Slit lamp exam,

- If required removal of blood,

- Individually injection of medication.
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First aid in case of injuries
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Laser safety officer of MBI

Dr. Martin van Moerbeck-Bock
Building C, 2.5
mbock@mbi-berlin.de

Phone : 1442


mailto:mbock@mbi-berlin.de

Thank you and
take care!
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