This slide presentation has been prepared for the
University of Toledo and Is intended only for use
by it’s faculty, statf and students.

All questions pertaining to this presentation
should be directed to Heather Lorenz, Laser
Safety Officer.

To advance through this presentation or go back
to the previous page click on the arrows at the
bottom of the page N

During the presentation, click on the i icon
for further information

To leave the presentation, press the “ESC” key




LASER SAFETY




USES of LASERS
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UNDERSTANDING LASER SAFETY



WHAT IS A LASER?
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LASER BASICS



DEFINITIONS:

Monochromatic - light that is one color or a single

wavelength

Directional - traveling in one direction from point of
origin

Coherent - orderliness of wave patterns by being in

phase In time and space
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The Electromagnetic Spectrum
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Infrared

J

Electric
waves
™~

~

I

|
T |
10% 102 10° 10% 107

10°® 108

Wavelength (cm)

Common Ultraviolet Lasers

Xenon

Argon
fluoride

Krypton
chloride

Krypton
fluoride

chloride

Helium

cadmium

Nitrogen

Xenon
fluoride

193 nm

222 nm

248 nm

308 nm

325 nm

337 nm

351 nm




LASER BASICS

lonizing
Radiation
' W
a

x-rays Ultra-
gammarays violet
N

| J | [ A N
T { | T

10*? 10 10® 10° 10* 102 10° 10% 10°

Electric
waves
N

~

10°® 108

Wavelength (cm)

Common Infrared Lasers

Near Infrared Far Infrared

Ti Sapphire

Helium
neon

Nd:YAG

Helium
neon

Erbium

Hydrogen
fluoride

Helium
neon

Carbon
dioxide

Carbon
dioxide

800
nm

840 nm

1,064 nm

1,150
nm

1,504
nm

2,700
nm

3,390
nm

9,600
nm

10,600
nm




LASER BASICS
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LASER HAZARDS



NON-BEAM RELATED HAZARDS



NON-BEAM RELATED HAZARDS



BEAM RELATED HAZARDS



BEAM RELATED EFFECTS



SKIN RELATED



SKIN RELATED



EYE RELATED






Specular Reflection

Specular reflection is a reflection from

a mirror-like surface. A laser beam -
will retain all of its original power
when reflected In this manner.

N

Note that surfaces which appear dull to
the eye may be specular reflectors of IR
wavelengths.



Diffuse Reflection

Diffuse reflection is a reflection from a -
dull surface.

Note that surfaces that appear shiny to the
eye may be diffuse reflectors of UV N
wavelengths.






Retinal Injury

Thermal damage to the retina occurs in the Retinal
Hazard Region (from 400 nm — 1400 nm). Thermal
damage Is not cumulative, as long as the retina
cools down between exposures.

Photochemical damage 1s severe at shorter visible
wavelengths (violet & blue) and Is cumulative over
a working day.

Acoustic shock from exposure to high energy pulsed N
lasers results in physical tissue damage.







INTERACTION HAZARDS



aser Generated Air Contaminants (LGAC)



FIRE AND EXPLOSION



PLASMA RADIATION




PREVENTION



CONTROL MEASURES



ENGINEERING



PERSONAL PROTECTION



EYE PROTECTION



EYE PROTECTION




SKIN PROTECTION



FIRE PROTECTION



SMOKE EVACUATION & FILTRATION



ADMINISTRATIVE CONTROLS

Administrative controls are procedures that are designed to
prevent personnel from injury. Examples of administrative
controls required for Class 3b & 4 lasers include:

« Designation of Nominal Hazard Zones (NHZ).

« Written Standard Operating Procedures (SOP’s)
which are enforced by the Laser Safety Officer.

« Warning signs at entrances to the room.

« Training for all personnel who will be operating the laser or
In the vicinity of the laser while it Is in operation.

« Allow only authorized, trained personnel in the vicinity of
the laser during operation.




UT Procedures & Policies



STANDARDS

Each Pl should develop their own set of
operating standards.

An important source of Suggested Standards to be
followed Is provided by the federal government in =
the “American National Standards For The Safe

Use Of Lasers” and the “American National
Standards For The Safe Use Of Lasers In

Educational Institutions” i \






Institutional Procedures & Policies


http://www.utoledo.edu/depts/safety

Procedure #HM-08-002 — Laser
Systems



» Safety Precautions (based on ANSI)

» Trained personnel to oversee laser operation and
laser safety

» Record all activity in a log book & report any
Incidents

» Insure there is proper laser signage

» PPE (eyewear) worn by all present

» Use of visible alarms (lighted “laser in use” sign)
» Laser key removed after use (also OSHA)

 All laser system repairs documented

» Rental lasers N
» Shall be inspected by Tech Support
» Tech from outside must provide credentials
» Provide record of maintenance & repair




_aser Safety Manual



Pl Responsibilities

« The immediate supervision of lasers in the laboratory.

« Providing, implementing and enforcing the safety
recommendations and requirements prescribed in this program

« Completing a Standard Operating Procedure for each laser under
his/her control and sending a copy to Safety and Health.

« Completing a specific Standard Operating Procedure for laser
demonstrations and sending a copy to Safety and Health.

« Completing Standard Operating Procedures outlining alignment
methods for all Class 3B or 4 or Embedded Class 3B or 4 laser S
systems

« Maintaining hard copies of the Laser Safety Manual and the SOP
In the laser work area.

« Keeping a laser log showing periods of use, service, maintenance
and incidents.

« Classifying and labeling of each laser under his/her control \

« Completing a Laser Inventory Form located on the Safety &
Health website for each laser under his/her control and sending it
to Safety and Health.




Pl Responsibilities

Updating the laser inventory whenever a new laser is brought into
the lab or removed from the lab or decommissioned.

Notifying the LSO of any inoperable or decommissioned lasers so
they can be “Locked Out” and labeled “Do Not Operate”.

Attending the University's Laser Safety Training program or
viewing the on-line Laser Safety power point training and testing
module on the Safety & Health Homepage.

Notifying Safety and Health immediately in the event of an
exposure beyond the level of the MPE (Maximum Exposure Limit)
to a Class 3 or Class 4 laser.

Determining the need for personal protection for a particular laser
and providing the proper protective equipment




aser Operator Responsibilities



aser Safety Survey of all UT
Laser Use Areas



|_eading Causes of Laser Accidents






