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Optical radiation
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Exposure of ocular tissues, extended sources

Irradiance
E.= Corneal irradiance (W m®)
E=tE, E, = Lens irradiance (W m?)

Radiant Exposure t= Transmittance to (Rel.)

H.= E, t :Corneal radiant exposure (J m®)
t = Exposure time (s)
H,= t E.t: Lens radiant exposure (J m?)

a

a< 20 deg .
Irradia a = Angle subtended by the source (radians)
[ESleid L.= Source Radiance (W m* sr™)
R= "4 f d,= Diameter pupill (m): 7 mm

Radiant exposure f.= Effective focal length eye - air (m): 17 mm

2
~ mLsyr d; L.t= Source radiance dose (J m* sr)

R — 1 g
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Exposure of ocular tissues, laser, large spot size

Irradiance
E.= Corneal irradiance (W m?)
E=cE, E = Lens irradiance (W m?)

: 1= Transmittance to (Rel.)
Radiant Exposure

H.= E. t :Corneal radiant exposure (J m?)
t = Exposure time (s)
H.= 1 E.t: Lens radiant exposure (J m™) — T .

o= Angle subtended by source

o< 20 deg
Irradian@ X a = Angle subtended by the source (radians)
N TCyT o L= Source radiance (W m* sr")
4 g d,= Diameter pupill (m): 7 mm

Radiant EXPOS;JI' e .= Effective focal length eye - air (m): 17 mm
Hi = R@; ! L.t = Soure radiance dose (J m” sr”)
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Exposure of ocular tissues, laser, point sources
Angle subtended by the source < 1.5 mradians

Power

E.= Corneal irradiance (W m™)

E =t E, E,= Lens irradiance (W m™)
Energy

1= Transmittance to (Rel.)
H.= E. t :Corneal radiant exposure (J m®)

t = Exposure time (s)
H.= 1 E_t: Lens radiant exposure (J m?) d

Laser . L.

Retinal power

2
b = 'Ef Cr (W) d = Diameter pupill (m): 7 mm
Retinal energy
d2 t g |
Q= —4—0 iz
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Intermediate spot sizes
Retinal spot size, exposure time dependent

Point Intermediate Large

sources [1.5 mrad;100 mrad] >100 mrad
< 1.5 mrad Point sources with correction
Transition to large depend on
pulse duration and spot size

Exp. limit: Corneal:
Irradiance (W/m?2) or Power (W)
Energy (J)

UPPSALA

T
P GEIRY
TS O
S NI
e x!"
e
gé@ PS UNIVERSITET




Exposure time — radiation damage

A

= Jos 24 hrs
Power in Power out g
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2 102 Retlnal_ther_mal
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Scattering Absorption =
Heat diffusion S
Convection 10-15 fs

O UPPSALA
PS Gullstrand lab UNIVERSITET



Power in < Power Out
Photochemical damage

Radiant exposure/Dose/Radiant exposure dose, H (J/m2) =

Irradiance, E, (W/m?) x Exposure time, t (S)

Reciprocity condition
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Power in < Power Out
Photochemical damage

/M > = Phototoxic

Photosensitized
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Bars: CI(O.95), n =20

o




Courtesy Sliney D









Chronic

B O e aatt | & =, 'dﬁ

s kg



UPPSALA
UNIVERSITET




~ .




Biological eff. (rel.)

Power in > Power Out
Thermal - Photocoagulation

1 A

0,5 -

(Lund 2006)



Power in >> Power out, water

ypical parameters (Argon green: 514.5 nm)
Spot size: 100 um

Power on the eye: 0.6 W

Iris irradiance: 6 kW/m?

Pulse duration: 0.1 s

Radiant exposure: 0.6 kJ/m?
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Power in >> Power out, no water

o . & _ Thermal- Carbonization

Typical parameters (CO,: 10.6 um)
Spot size: 1 mm? (Diam. 0.6 mm)

Power on the skin: 100 W

rradiance on the skin: 1x108 W/m?

Pulse duration (CW): 1s

Radiant exposure: 1x 108 J/m?
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Power In >>> Power, expansion space
Thermal - Photoablation

Typical parameters (ArF: 193 nm)
Spot size: 0.2 mm? (Diam. 0.5 mm)
Irradiance: 1.3 x10** W/m?
Pulse duration: 15 ns
Radiant exposure: 2 x10° J/m?
Pulse energy: 400 mJ
1 puls = 0.2 um ablation along the beam
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Power in >>>> Power out
Photodisruption

(o))

Typical parameters

- Pulse width: 5 ns

- Spot size: 1 pm?

- Irradiance: 1 x10%*° W/m?
- Pulse energy: 50 mJ

Pressure (MPa)
N I
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Photodisruption retina (Q-switched Nd:Yaq)
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Optical radiation tissue interaction

1015 _ Photodisruption
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Transmittance (rel.)
o
o

Transmittance of the eye

UVR VIR IRR

290 760 1400 2500
890 Wavelength (nm)
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No of mandatory biologi-

No of damaged

biological units, N; biological units, N,

No of repaired

cally functional units

Model for photobiological damage

No damage
T N—— N — t t
fedundancy, r(t) IND dt — JNR dt < r(t)
0 0
Damage
Time t t
Np dt — [N dt > r(0)
0 0
c
=)
©
c
-
3 ' % ; Threshold observable
Time O [ NS damage
0 o
m =5
; Time
Time point for
observation of damage
1 month
T Time Experiment Epidemiology
t Gullstrand lab
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UVR Cataract, exposure time

Albino, SD, 6 weeks, 300 nm, 8 kJ/m?, 1 week latency
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MTD, 5., dependence on fractionation interval

SD rat, albino, 6 weeks, UVR 300 nm, latency 1 weeks

MTD, 46 =5.14 +0.90(1— g > M=PIT)

BT O
B @
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=~ . """"" .
~ - Repair rate
O t=1/0.13 =8 days
0p)
8 0.0 Repairable damage =
o e 0.90/5.14 =
O m -
e No repair treshold
O 514 {5
|_
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Time delay between exposure to light and response in the lens

Molecular event Cataract

Time
Immediate onset
Event

Short delay onset (< 1 week)
Biological expression of event

Late onset (> 1 week)
Cumulation of damage
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Ultraviolett ™
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Treshold dose

The least dose that
evokes a defined damage
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Action spectrum

Threshold dose as a
function of wavelength




Threshold dose estimation,
binary response variables

Response Threshold dose estimation

-
e

Yes-

Pathology
Probability for response (rel.)
=
(3,

pra
o

Effective dose 50 % (ED,,)
Dose Dose

22 Finney, 1971 |
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Threshold dose estimation,
continuous response variables

Deterministic model

—~ Response - Threshold dose estimation
R0 © 1.0
= =
2 8
I o)
= £
S 0.0 a2 0.0
Qa2 Dose ' " Dose
Threshold
—_ Probabilistic model
© 1.0/ =
= O
g =
o >
o o)
O L)
=0.0 g 0.0 =%
o = .
Dose Dose
. MTD,..c
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UVR-cataract, dose-response function

SD albino rat, 6 weeks, 300 nm, 1 week latency
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Forward light scattering (tEDC)
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Light scatt. diff. (rel.)

Maximum Tolerable Dose (MTD)

SD albino rat, 6 weeks, 300 nm, 1 week latency

16 % | =KH,2

Soderberg et al., 2002
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Action Spectrum UVR-Induced cataract

Merriam et al., 1999

Albino rat
i) L 4 ¢
D
e Pitts et al., 1977
% Pigmented rabbit
IS 0,5 - L 3
= ", Ebbers, 1975
Pigmented monkey
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Spectral biological efficiency, UVR cataract

Merriam et al., 2000
Albino rat
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Exposure for broadband sources
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Summary hazardous exposures

Damage mechanism Critical tissue Waveband Exposure time EL unit

Photochemical Optical media and retina UVR, Blue light ms-days Jm=
J sr2m-2
J

Photothermal Optical media and retina UVR, VIR, IRR  puS-ms W m-2

W sr2 m-2
W

S

radians

Photodisruption All media VIR, near-IRR  ns-fs J

Safe expsure: Lowest exposure limit wins
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General protection — Source awareness

assS

assS

ass

asSsS

) O O

ass

| aser classification

WARNING
LASER RADIATION
AVOID EXPOSURE TO BEAM

CLASS 3B LASER PRODUCT

. <40 uW: Never hazaardous but glare
. <1 mW: Visible, aversion reflex (10-20 s) protects

la: <5 mW: Visible, blink reflex (0.25 s) protects

Ib: <500 mW: Direct exposure dangerous

V. > 500 mW: Even reflexes dangerous
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General protection - Laser safety goggles
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General protection - Sunglasses

EN 1836 (2005) Sunglasses a ngjlare filters for general use
Filter categorles

g

U 0O 0 O

= N PO

: Non or very limited attenuation (T,=80-100 %)
Light attenuation (T,=43-80 %)

Moderate attenuation (T,=18-43 %)
Substantial attenuation (T,=8-18 %)

Expressed attenuation (T,=3-8 %
Unsuitable for driving
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Protection for specific exposures

ICNIRP Guidelines

on limits of exposure
to ultraviolet
radiation of
wavelengths between
100 nm and 400 nm
(INCOHERENT
OPTICAL
RADIATION)

ICNIRP Guidelines

on limits of exposure to
Incoherent visible and
Infrared radiation

Health Physics
2013;105:74-91

Health Physics
2004;87:171-186

GuIIst-rén‘d lab

ICNIRP Guidelines

on limits of exposure to
laser radiation of
wavelengths between
180 nm and 1000 pum

Health Physics
2013;105:271-295
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