The Basics of Laser Safety
in the Workplace

Product Safety Engineering Society
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Peer pressure in the laser lab


Presenter Notes
Presentation Notes
Peer pressure really does exist for lasers.

It’s also in the news…..kids in grade school doing the ‘double dare’ with their friends at who can look directly at the laser pointer the longest…..it’s sad, but it’s a reality.


E']The Mission:

My mission is
to protect you

Agenda

» Basic Laser concepts & definitions
» Laser Bio effects and Hazards

» Laser Classifications & Standards
 Laser Safety Control Measures

» Laser Safety program

» Not included (possible future talk)
» Laser hazard analysis & calculations
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Presentation Notes
Yes, my mission today is to protect you.

And its also my objective, for each one of you to walk away with some better understanding on how dangerous lasers really are, and 

what mechanisms that can be incorporated into the workplace to prevent accidents associated with lasers. 


®_ASER acronym

The correct scientific acronym: The more publicly accepted acronym:
L Light L Light
O Oscillation by A Amplification by
S Stimulated S Stimulated
E Emission of ) E Emission of
R Radiation < R Radiation

In 1918, Einstein developed a general theory of the process by
which atoms emit and absorb electromagnetic radiation, which is
the basis of lasers (stimulated emission) and shaped the
development of modern quantum electrodynamics, the best-
validated physical theory at present.
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The term ‘Laser’ is an acronym. It stands for ‘Light AMPLIFICATION by Stimulated Emission of Radiation’.

Note that the letter ‘A’ stands for ‘amplification’ which really isn’t accurate.

‘Oscillation’ is the more accurate term and therefore the correct scientific acronym is ‘Loser’. Believe it or not…. check it on google….

It also became very difficult to obtain funding for the development of such technology using the term ‘Loser’.  You can imagine.






E"]Basic Laser Concepts
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The pic you see here is a Ruby Laser and was one of the very first lasers developed back in 1960.

It consists of three important elements: laser medium, an energy source, and the optical resonator (aka reflecting mirrors).

The general understanding on how this works is…

there is a build-up of photons to a crystal by injecting it with a source of energy and once there is a sufficient build-up, a beam is ejected out of one of the ends of the crystal that is a partially reflected mirror. 


DType of Lasers — for example

Solid-State Lasers
Nd:YAG, Ruby, Fiber
Applications: Spectroscopy, photocoagulation

Semiconductor (Diode) Lasers
GaAs, GaAlAs, InGaAsP, GaN
Applications: CD ROM, laser pointers, etc.

Liquid (Dye) Lasers P

4

Gas Lasers |
(CO2, Argon, Krypton, Excimer, HeNe)
Applications: Welding, marking, cutting, drilling
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There are other type of lasers, such as Diode lasers, which are common in end consumer products such as DVD players.

Other laser types are more powerful and used in commercial and industrial applications, such as metal die cutting and welding.


“White light, UV & IR frequencies in the Laser spectrum
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The frequencies that lasers operate in…are in the near Ultraviolet spectrum, white light as we know it and 
the near Infrared spectrum. 

As we all know, white light is a combination of multiple colors of the rainbow. But UV and IR are the ones that are invisible to the naked eye.


® | aser Brightness (Radiance)
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Two terms are used in extensively when dealing with optical radiation and calculating laser classifications: 

One is called ‘Extended source’ (aka Apparent source) and the other is called ‘Point source’.

The Sun would be an example of an extended source of light

A pinhole through which sunlight is entering can be considered a point source.










® Characteristics of Laser Light

White
] Light Laser
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« all waves of light are generated in phase with each other
« The wave crests and troughs are “locked” together
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Now we get into the characteristics of laser light.

There are 3 primary characteristics of ‘visible’ laser light:

It’s monochromatic, meaning all the light is of one wavelength or one color

It’s directional, meaning it does not expand quickly whereas a conventional light bulb would.

And its Coherent, where all of the waves of light are in phase with each other.




C"]Disec:ting the laser beam

Laser Beam Divergence in the Near and Far Field
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86% of the laser power is contained within the 1/e? width
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Here we have a cross sectional diagram of a laser beam. 

Though the laser beam does not expand or diffuse ‘quickly’….it will eventually start to expand from a region known as ‘near field’ to a region known as ‘far field’.

During laser classification (which we will get to soon), one of the mathematical steps we need to do is: ‘Determining the beam width’. 

The most common step in research is using the 1/e2 method  where you measure between the two points where the intensity is 1/e2 of the peak value.  

Note that about 86% of the laser power is contained within the 1/e2 width.

The color image to the right is a two-dimensional display of power in space. The red tone is used to represent the highest intensity and then extends outward to various other colors denoting lesser & lesser power.




= Properties of Light

Specular and Diffuse Reflection

Specular Diffuse
Reflection Reflection

Figure 1
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Another property of light that should be understood is the specular and diffuse reflections. This topic will come up later on in the presentation when we talk about laser light curtains.

During ‘specular’ reflection, most, if not all, of the white light spectrum is reflected ‘together’ at a definite angle.

Whereas during ‘diffuse’ reflection, the reflected light is at different angles over the rough surface and could be a cause of concern if not taken into consideration.




® CIE PHOTOBIOLOGICAL SPECTRAL BANDS
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The “International commission on Illumination” came up with a spectral chart depicting the percentage of optical radiation transmission of the eyeball for various laser wavelengths.

As you can see, the transmission starts about 300 nm, which is in the UV band and goes to 1400 nm, which is in the Infrared band. 

And white light ranges from 380nm to just under 800 nm.


E']Laser Bioeffects and Hazards



Presenter Notes
Presentation Notes
In this section, we will talk a little bit about the anatomy of the eye. Part of the reason that we talk about this, is that…. not only helps us understand the dangers that lasers can impose on the eye but will help protect you subconsciously.

Because it’s a well-known fact that if one understands the anatomy of a body part in detail, that person will become more aware on protecting that part of the body from being hurt. 



“The Human eye
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Now, let’s take a closer look at a cross section of eyeball to get a better understanding on how each region could be affected by optical radiation.

The ‘pupil’ is the central opening of the ‘iris’ on the inside of the eye, which normally appears black. The grey/blue or brown area surrounding the pupil is called the iris. The white outer area of the eye is the sclera. 

The central outermost transparent colorless part of the eye (through which we can see the iris and pupil) is called the cornea which is the eye's clear, protective outer layer that refracts light.

The vitreous humor is a transparent, colorless, jelly-like mass that fills the space in the eye between the lens and the retina and makes up about 80% of the volume of the eyeball.

The retina is the innermost, light-sensitive layer of the eye. The macula regions allows us to discern colored images and the fovia area gives us the ability to read fine print.




E']The Lens & Cornea
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Here is a better cross section of the cornea but with the entire lens intact. Notice how thick & oblong the lens is. The lens can be considered just like a magnifying glass.
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This a picture showing the inside of a cow’s eye. You can see the vitreous humor and the lens on the right and the retina/macula region on the left.

That stringy piece on the left is the Hyaloid canal that connects to the retina.

In the fetus, the hyaloid canal contains a prolongation of the central artery of the retina, the hyaloid artery, which supplies blood to the developing lens.

Once the lens is fully developed the hyaloid artery retracts and the hyaloid canal contains lymph. 

The hyaloid canal appears to have no function in the adult eye, though its remnant structure can still be seen.




@Optical Concentration by the Eye

e Cornea
>

Muscle

« Wavelength that focus on retina (400 — 1400 nm), optical concentration is 100,000 X !
 If irradiance entering is 1 mW/cm2, at retina will be 100 W/cm2
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Here we have a drawing of a laser pointer in the near field region close to an eyeball. The lens of the eyeball has the ability to enhance the optical concentration of a light source to about 100,000 times to that of the original source, in this case, the laser beam. 

So, if you had a 1 mW output from the laser, the retina  would be receiving it as a 100W light bulb over an area of 1 square cm. 

That’s really quite amazing and provides a new found respect for the power of the laser beam. Just imagine putting a 100W light bulb against the inside surface of your eyeball and think about how that will feel…OUCH! not good. 


C’]Spectral Absorption Properties of the Human Eye
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We saw this chart a few slides ago, but now we look at where certain wavelengths of optical radiation and how it affects certain regions of the eye.

As you can see, the cornea absorbs UV and IR, whereas the lens absorbs mostly UV.

The retina absorbs all of the white light and near IR.

Can anyone tell me why there is this dip in the transmission percentage at 1000 nm? 

https://ec.europa.eu/health/scientific_committees/scheer/docs/sunbeds_co240n_en.pdf

ESpectrum band and skin penetration
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Not only are lasers hazardous to the eyes, we must mention how dangerous it is to the skin! 

It is one of the most common oversights in the laser industry and is related to more accidents compared to accidents associated with the eye, mostly because of tattoo removal efforts.

As you can see, UV causes reddening of the skin (medically termed: erythema)

The chart below is a relative scale comparison only of the depth or penetration of UV, white light and IR. Note how much of an deeper impact near IR has on the skin compared to UV.





® Photochemical versus Thermal Effects on the Eye

Eve Injury
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Source: htop:/ Swene bl gov/ ehs/ safety /lasers/ bioeffects shtml
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With optical radiation comes 2 types of damages: Photochemical and Thermal.

Photoablation or ‘photochemical reaction’ is a chemical reaction triggered when light energy is absorbed by the eye’s molecules. This response leads the molecules to experience a temporary excited state, thus altering their physical and chemical properties from the eye's initial molecule. The damage to the eye would most likely be at the cornea and lens.

Thermal damage is usually the result of a longer exposure time to light and would normally affect the retinal region of the eye.


= Eye Injury Hazard

Eye injury hazard

Low*
I |
( 100 200 300 400 600 700 800 900 1000 1100 1200 1300 1400 1500
Y Power, milliwatts (1 Watt) (1.5 Watts)
Class 2 Class 3R Class 3B Class 4
0-1 mwW 1-56 mW 5-500 mW 500 mW+

*Eye injury hazard descriptions above are valid for for exposures relatively close to the laser. Because the beam spreads, less light will enter the pupil at greater

distances. The hazard decreases the farther a person is from the laser, and the shorter the exposure time (e.g., do not deliberately look or stare into the beam).

For example, a 1mW Class 2 laser beam is eye safe for unintentional exposures after about 2 ft (7 m), a 5mW Class 3R beam is eye safe after about 52 ft (16 m),
ESOO mW Class 3B bea:n is eye safe after aPout 520 ft (160 m),land a 1500 mW Class 4 beam is eye safe after about 900 ft (275 m).

(Calculations are for visible light, a 1 milliradian beam, and a 1/4 second Maximum Permissible Exposure limit.)
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I really like this chart and have posted it in my cubicle as a good reference too and reminder on the severity of the different classes of lasers.

The text below gives an example of a 500mW Class 3B laser beam that eventually can become eye safe if you look at it directly but only from a distance of 520 feet!

As noted, a 5mW Class 3R laser is your typical laser pointer………and that becomes eye safe if you stand about 52 feet away! 

So, you may want to think about your laser pointer as being a little more dangerous than first thought…..


C"]Laser Incidents and benefits
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When it comes to skin injuries, most notable are holes in the fingers and 3rd degree burns. 

The picture to the right shows one individual receiving a hole through their finger from a laser. Unfortunately, the pain was so bad, the person pull away which resulted in almost getting their whole finger severed.

But lasers can also be helpful in treatment for injuries that were once considered permanent. 

It is quite common nowadays to use lasers to help with the re-establishment of the number of hair cells in cochlear region. After treatment, hearing has been know to be improved significantly.

Carpal Tunnel Syndrome, sciatica, and even diabetic neuropathy are just a few examples of conditions laser therapy can aid.


() . .
Laser Incidents: Fire

Figure 2. Demonstration of rocket-like flames shooting
from a tracheal tube caused by laser ignition of the tube
with 100% oxygen flowing. Image provided courtesy of
ECRI Institute.



Presenter Notes
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Airway surgeries that involve ignition sources to cut or coagulate tissue (e.g., electrosurgical units, lasers*) pose a significant and sometimes deadly risk of fire. 

Hazards exist when these ignition sources are used in the oxygen-enriched atmospheres (i.e., atmospheres containing more than  23% oxygen) that are commonly present in the airway during surgery.

Just fyi, the fire you see on the left is a superimposed fire but the situation was a real life scenario at a hospital in South Africa. 

On the right, you will see the testing being done on the trachea tube (with 100% oxygen flowing) after being ignited by a laser.
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Now enough of the gross stuff and let’s get to the nitty gritty of compliance and procedures!


® ANSI 2136.1 and IEC 60825-1 standards



Presenter Notes
Presentation Notes
In the US, the ANSI Z136.1 standard is an American National Standard for the ‘Safe Use of Lasers’ and provides recommended guidelines for lasers that operate at wavelengths between 180 nm and 1 mm.  

Note that it is NOT a standard used for laser ’product’ safety certification, whereas the IEC 60825-1 standard is used for product certification. 

Though there are many identical areas to the IEC 60825-1 standard, the ANSI standard specifies both the environment in which the laser is being used and any environment around the path of the beam. 

The IEC 60825-1  standard primarily focuses on the safety of the laser product itself.

��


®MPE & AEL

MPE: Maximum Permissible Exposure

is the maximum radiation level one can be exposed to before

undergoing immediate or long term injuries. They were obtained

by extrapolating to mankind the experimental M.P.E. measured C}@
on animals. (i.e. rabbits) B

» applies to laser product user standards
» used to determine Nominal Ocular Hazard Distance
(NOHD) and Optical Density (OD)....more on this in Part 2.

AEL: Accessible Emission Limit

applies to laser product manufacturing regulations used to
determine laser product hazard classification according to the
related hazard, depending on their characteristics. The limits
were defined on the powers and energies emitted by the laser
and accessible to the user — this explains the acronym A.E.L.
Each laser class is labeled by a maximum accessible emission
that must not be exceeded.
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One of the 1st steps in calculating the laser’s hazard distance & to figure out the correct laser goggles is to determine its MPE. 

The Maximum Permissible Exposure is the maximum level of laser radiation the human eye or skin can be exposed to…….without hazardous effects or biological changes.

The MPE was not a figure that originated solely from some physics formula, but instead, rabbits were used in a research lab, and their eyes exposed to laser radiation of various energies with the aim of characterizing permissible exposure limits for safety analysis, with an emphasis on the immediate retinal damage. 

A quantitative analysis of the clinical findings, based on a severity score scale and a morphometric analysis of the extent of the lesions, was used to test the statistical relationship with the laser energy and number of pulses. 

The MPE is also used to calculate the Accessible Emission Limit (known as the AEL) which is used to determine the class of laser. The AEL is the maximum power that can be emitted in a specified wavelength range and exposure time that passes through a specified aperture stop at a specified distance and is used to determine the classification of the laser.





= Class 1 (includes LED’s — used to be exempt)

Each laser class is based on these AEL thresholds:

Class 1 lasers or systems cannot emit accessible laser radiation in
excess of the applicable Class 1 AEL for any exposure times within the
maximum duration inherent in the design or intended use of the laser.

Eye injury hazard

Low*
[ 1 |
100 200 300 400 600 700 800 900 1000 1100 1200 1300 1400 1500
/ Power, milliwatts (1 Watt) (1.5 Watts)
Class 2 Class 3R Class 3B Class 4
0-1mw 1-5mWwW 5 - 500 mW 500 mW+

*Eye injury hazard descriptions above are valid for for exposures relatively close to the laser. Because the beam spreads, less light will enter the pupil at greater
distances. The hazard decreases the farther a person is from the laser, and the shorter the exposure time (e.g., do not deliberately look or stare into the beam).

For example, a 1mW Class 2 laser beam is eye safe for unintentional exposures after about 2 ft (7 m), a 5SmW Class 3R beam is eye safe after about 52 ft (16 m),
I a 500 mW Class 3B beam is eye safe after about 520 ft (160 m),Iand a 1500 mW Class 4 beam is eye safe after about 900 ft (275 m).

(Calculations are for visible light, a 1 ‘milliradian beam, and a 1/4 second Maximum Permissible Exposure limit.)
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Now we come a section that will describe the ‘most’ common laser classes.

The definitions of laser classes in this slide and the following slides come from ANSI Z136.1 and a more in-depth study of these classes & other uncommon classes will be in my part 2 presentation sometime in the fall.

The definitions may initially come across as very confusing, but once you study it further and get more involved in the calculations, it becomes a bit more clearer. During my part 2 presentation in the fall, we will get into more detail on these classes, but for this presentation, I will give you the general information.

So, we’ll first start out with Class 1 lasers, which include LEDs. They cannot emit harmful radiation…so what that means is that it is ‘eye safe’ when looking directly at the source. 

A little history here on LEDs….

Believe it or not, but the Light Emitting Diode came to life (or should I say ‘came to light’ – pardon the pun) AFTER the laser. In 1962, Nick Holonyack, a consulting engineer for General Electric, was working on a LASER, which resulted in him inventing the first red LED, something that he did not anticipate originally. 



®Class 1C products — i.e. home hair removal machines

Laser Class 1C

 Laser class 1C has been newly established in IEC 60825 version 07-2015 and covers laser systems that are
designed for direct contact with the "objective", like e.g. the skin. This can be laser systems for hair removal,
reduction of wrinkles, tattoo removal and treatment of acne. Included are laser systems for home use as well.

» Protection measures for these laser systems must ensure to not allow any emission of radiation that exceeds
the level of laser class 1. Usually the laser class 1C units have special contact sensors that prevent laser
emission if the laser is not used in a safe way. The electrical conductivity of human skin is often used for

these kind of safety measures.


Presenter Notes
Presentation Notes
This is a new classification by the CDRH. 

It’s the Class 1C laser and has triggered a whole industry of home-use devices for various treatments, such as hair removal and skin rejuvenation. 

The lasers inside the units are typically Class 3B, but the 3B laser is intended to be activated only when the device touches the skin or surface, and becomes Class 1 when pulled away. 

The other control measure it has is that it should also not be possible to place the applicator over the eye!



()
Class 2 lasers

Class 2 lasers are CW and repetitively pulsed
lasers with wavelengths between 400 nm and 700
nm that can emit energy in excess of the Class 1
AEL, but do not exceed the Class 1 AEL for an
emission duration less than 0.25 seconds and
have an average radiant power of 1mW or less.

Now that’s FAST!



Presenter Notes
Presentation Notes
Class 2 lasers are a ‘continuous wave’ ‘white light’ source by which they cannot exceed the levels of Class 1 up to a point of a ¼ of a second. Thereafter, the laser cannot exceed 1 mW.

The reason for the ¼ of a second is to enable the user to react in time to avoid looking directly at the source using the person’s typical blink reflex or aversion response to bright light.

There are not too many Class 2 lasers out in the market nowadays.


DCIass 3a lasers

Class 3a lasers have an accessible output between 1 and 5 times the Class 1 AEL for wavelengths shorter than

400 nm or longer than 700 nm, or less than 5 times the Class 2 AEL for wavelengths between 400 nm and 700
nm.

LASER RADIATION
AVOID DIRECT EYE
EXPOSURE

t CLASS 3a LASER

1-5mW
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Class 3a lasers (known as Class 3R laser in the IEC standard) are your typical laser pointers.

For these, it must be less than 5 x the AEL of a class 2 laser and not exceed 5 mW.


C’]Clas.s. 3b lasers

Class 3b lasers cannot emit an average radiant power greater than 0.5 Watts for an exposure time equal to or
greater than 0.25 seconds or 0.125 Joules for an exposure time less than 0.25 seconds for wavelengths
between 180 nm and 400 nm, or between 1400 nm and 1 mm.

In addition, lasers between 400 nm and 1400 nm exceeding the Class 3a AEL cannot emit an average radiant
power greater than 0.5 Watts for exposures equal to or greater than 0.25 seconds.

(DANGERD

VISIBLE AND/OR INVISIBLE
LASER RADIATION, AVOID
DIRECT EXPOSURE TO BEAM

CLASS 3b LASER

5-500 mW
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Now we come to one of the more common lasers in the industry. Class 3B.

When this laser operates in the UV band and IR B band (which is >1400 nm), it can emit accessible radiant power in excess of the Class 3R AEL but also, it cannot emit power > 500 mW for longer than ¼ of a second or 1/8th of a joule within ¼ of a second.

The ¼ second time you see hear has nothing to do the with blink reflex/aversion response from the Class 2 definition (obviously because you cannot see any of this radiation as its invisible). It just so happens to be that the 1/8 of a joule equates to ¼ second @ 500 mW.

And for Lasers operating in the white light band (which is between 400 nm & 700 nm) and near IR (which is between 700 nm to 1400 nm), they can emit power greater than the AEL of Class 3R but cannot emit power greater than 500 mW.


DCIass 4 lasers

https://www.youtube.com/
watch?v=RNLRTzt3MvQ

https://www.facebook.com/JamesB
ond007/videos/goldfinger-laser-
scene/2021094724572095/
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Class 4 is the highest and most dangerous class of laser and have a power output > 500 mW. 

It can burn the skin and cause permanent eye damage as a result of direct, diffuse or indirect beam viewing. 

They can also ignite combustible materials and present a fire risk. 

Class 4 lasers must be equipped with a key switch and a safety interlock. 

https://www.youtube.com/watch?v=RNLRTzt3MvQ
https://www.facebook.com/JamesBond007/videos/goldfinger-laser-scene/2021094724572095/

® | aser Equipment Labels

Conspicuously displayed where they will best serve to warn

« Class of laser

- Emitted wavelength, pulse duration, maximum output power
* Precautionary statement

« Formatted similar to signs or IEC

« Don’t confuse the reader

AWARNING

LASER
3B

"¢ INVISIBLE LASER RADIATION

Clarion Safety Systems, LLC



Presenter Notes
Presentation Notes
A typical label on a laser device will usually identify its laser class, wavelength and output power along with the cautionary word. i.e. Warning, Danger, etc. including the yellow yield icon with a laser beam that you see on the left.

Some labels will also state protective measures that one must adhere to not get harmed. i.e. avoid exposure to the beam, etc.

What I always chuckle about is in the example above, which is a real example, it even states that the laser is invisible but still cautions the user to avoid exposure to the beam. It even goes so far to give the wavelength as 660nm which is red but now confuses the user even more because it also stated it was invisible.

In summary, please double check the warning labels on laser device and ensure its accuracy before proceeding to choose your PPE.


= Comparison of Classifications

Class |IEC 60825 (Amend. 2) Ju.s_FDAI/CDRH JANSI-Z136.1 (2000)

Class 1 JAny laser or laser system containing a laser that cannot emit laser radiation at levels that are known to cause eye or skin injury during normal operation. This
does not apply to service periods requiring access to Class 1 enclosures containing higher class lasers.

Class 1M|Not known to cause eye or skin damage unless IN/A INA
ollecting optics are used.
Class 2a [N/A \Visible lasers that are not intended for viewing and cannot IN/A

broduce any known eye or skin injury during operation hased on
2 maximum exposure time of 1000 seconds.

Class 2 |Visible lasers considered incapable of emitting laser radiation at levels that are known to cause skin or eye injury within the time period of the human eye
aversion response (0.25 seconds).

Class 2M|Not known to cause eye or skin damage within the IN/A IN/A
version response time unless collecting optics
re used.
Class 3a [N/A lLasers similar to Class 2 with the exception that collecting Lasers similar to Class 2 with the
optics cannot be used to directly view the beam xception that collecting optics cannot
o be used to directly view the beam
\Visible Only
Class 3R[Replaces Class 3a and has different limits. Up to [N/A INZA

times the Class 2 limit for visible and 5 times the
lass 1 limits for some invisible.

Class 3b [Medium powered lasers (visible or invisible regions) that present a potential eye hazard for intrabeam (direct) or specular (mirror-like) conditions. Class 3b

asers do not present a diffuse (scatter) hazard or significant skin hazard except for higher powered 3b lasers operating at certain wavelength regions.

Class 4 [High powered lasers (visible or invisible) considered to present potential acute hazard to the eye and skin for both direct (intrabeam) and scatter (diffused)
onditions. Also have potential hazard considerations for fire (ignition) and byproduct emissions from target or process materials.



Presenter Notes
Presentation Notes
I’m not going into the chart in detail, but this is a good comparison model to discern the minute differences between the IEC standard, the ANSI standard and what the CDRH requires in their code of federal regulations. 

Though we did not discuss this, note that the IEC standard has another category, identified as ‘M’ for Class 1 and 2. This is to address these classes if you have additional optics or magnification.

As you can see, the CDRH also has a Class 2a category. Its a region in the low-power end of Class II where the laser can produce a burn to the retina if it exceeds 1000 seconds of continuous viewing. 

Anyone know of an example of one of these?

Answer: Commercial laser scanners in your local grocery store, so I don’t recommend that you stare at this for longer than 16 minutes while waiting for your groceries to be packed. lol


Laser Safety
Control Measures


Presenter Notes
Presentation Notes
Now that we have a better understanding of all the lasers that are out there in the market and the hazards that they pose…………

we need to take a closer look at how we can prevent our eyes and skin from being damaged while operating the laser….

including damages to materials or creating a fire.

We will now look at various control measures to achieve that.


EControI measures are based upon classification and hazard evaluation

3 aspects of laser application influence hazard
evaluation

1. The laser or laser system’s capability of
injuring personnel or interfering with task
performance

2. The environment in which the laser is
used, including access to the beam path
(considering enclosures, baffle, beam, etc.)

3. The personnel who may use or be
exposed to laser radiation

Classroom, R&D lab, production
line, space?



Presenter Notes
Presentation Notes
There are 3 primary areas that we need to look at:
The laser
The Environment and 
The person operating the laser

We must first verify the laser class that we are dealing with. Despite what some manufacturer’s claim, it is always a good idea to measure the radiation output at the aperture to verify the class. There have been cases where the manufacturer has declared their laser as a 3B where it actually exceeded 500 mW making it a class 4 laser after the customer made their own measurements. I personally was involved with this case.

And there was even a case where the measured power was 480 nm but the certification agency made it a class 4 because it said it must take into account the 5% tolerance for wattage deviation (for that particular laser) as well as the measurement uncertainty of the measurement device it used. Go figure. 

We must also look at the environment as to not only where the laser is being housed in a system or used on a bench, and also take into consideration of objects near by that will be in that laser’s beam path.

And last, but not least, we look at the person operating the laser and their training they took to operate such hazardous devices. You should look at any bystanders who may be directly or indirectly exposed to the laser beam if in the immediate area of operation.


® Three User Functions with Laser or Laser System

Operation
* Intended use — full range of intended tasks

Maintenance
« Tasks for assuring routine performance
« Cleaning and replenishment of expendable
materials
« Typically, does not require beam access

Service
 Infrequent tasks (i.e. repairing faulty
components)
« Usually requires beam access


Presenter Notes
Presentation Notes
One shall also take into consideration the hazards associated with the laser’s function within those environments. 

For example, there may be times where you have to clean the system and will rely on interlocks to ensure you are not accidentally exposed.

There are also cases where a service personnel may have to re-align the beam path and as such, will need to defeat an interlock to perform this task.


® Control Measures: (ANSI Z136.1 — 2014)

Three types of controls
« Engineering (EC)
« Administrative & Procedural (A&P)
» Personal protective equipment (PPE)

Priority of controls allows latitude
(Section 4.1)
 Priority given to engineering controls
* Enclosure of equipment or beam path
is the preferred control
 If impractical or inadequate, A&P and
PPE shall be used
« PPE is considered “the last line of
defense....”



Presenter Notes
Presentation Notes
There are typically 3 main types of control mechanisms that can be put into place, 

but the first line of defense should be a hardware device, such as an interlock or protective enclosure 

as these typically have a higher safety reliability factor in comparison with the other 2 controls, which are Procedures and Personal Protective equipment.

Having procedures in place comes as a close second to hardware, but these have their own deficiencies when it comes to safety, 

such as a lack of clarity, leading to confusion. 

One major issue with procedures is that the person that should be following them becomes complacent and ignores reading them, 

thus performing the procedure by memory, resulting in a higher risk of being hurt if a critical step is not conducted.  

Believe it not, Personal Protective Equipment is last on the list. Why you ask?

Firstly, it’s all about the reliability factor….not the reliability of the protective device per se, but the reliability of the user ‘remembering’ to use the PPE during operation because it is really easy to forget this because it is a device that is not a common thing one puts on themselves.

2nd is the inconvenience and comfort factor of PPE because in most PPE, these are uncomfortable and pain in the you what, whenever you have to look for the right size, and where they are located, because one has not been disciplined in storing them in their proper location. 




- Engineering Controls

Engineering Controls

Eliminate Exposure

1. Protective housing

2. Interlocks

3. Aperture beam blocks
4. Warning lights

I§ ‘. | . |
-

Beam Block

A laser or laser system may be developed or modified by a user for internal use only. User-
developed or user-modified laser products shall have their engineering controls reviewed and
approved by the LSO (Laser Safety Officer) to determine the adequacy of their protection.

The use of engineering controls are preferred over administrative controls.


Presenter Notes
Presentation Notes
As mentioned, engineering control examples would be interlocks, protective enclosures, beam blocks, warning lights and horns, etc.

If one is going to install these devices, it should be reviewed and approved by your company’s Laser Safety Officer to determine its suitability and effectiveness of that protection for the hazard in question.



® brotective housing, Laser Barriers and Curtains

Applications

« Used at entryway
« Temporary laser controlled area

Should not be flammable or emit toxic
by-products

If barrier does not extend floor-to-ceiling,
LSO should evaluate potential exposure
(i.,e. NHZ) outside barrier

www.kenteklaserstore.com/laser-barriers-curtains.aspx



Presenter Notes
Presentation Notes
A protective housing could consist of a metal or non-transparent plastic enclosure but could also be a curtain like device as shown in this picture. 

Because class 4 lasers have the ability to start fires, one must ensure that the material is not only flame resistant but cannot emit toxic odors after it is charred or ignited. 

http://www.kenteklaserstore.com/laser-barriers-curtains.aspx

E']Laser Barriers and Curtains

Reflectance of Blackout Materials
90

80
704
60
50
40
30
20
10
0 - | ——
0.2 04 06 0.8 1.0 1.2 1.4 1.6 1.8 20 22 2.4 2.6
Wavelength (um)

— BKF12 Aluminum Foil
= BFP1 Black Flocked Paper
= TB4 Hardboard

Reflectance (%)

NOTE: SOME BLACKOUT MATERIAL CAN REFLECT INFRARED!

Few materials have been tested & reported in scientific literature
» Contact manufacturer for information
» Link to RLI testing (rli.com/products/barriers.aspx)+


Presenter Notes
Presentation Notes
Also, be very careful when selecting the material for your laser curtain. 

One may think that since it is black, that all of the laser beam will be absorbed into the material. 

Though that may very well be true for white light, some materials can reflect IR laser beams! 


® Area Warning Device (visible or audible or both)

Visible warning device required for Class 4 lasers
during startup and operation

« Recommended for Class 3B
 Visible warning device is most common

Warns prior to entering the laser area

May be mechanical or electrical

« Single lamp or lighted warning sign

Must be visible through laser protective eyewear

Audible warning devices used outside immediate
laser area (optional)



Presenter Notes
Presentation Notes
Warning devices can be a flashing or steady light, a horn or signage.

One caution is to ensure that the color of the visual warning device that you are using can be seen with your laser goggles on as some laser goggles have the ability to reflect that particular color due to the laser’s wavelength thus you not being able to see that color.


= ca (Laser Controlled Area)

Class 4 Laser Controlled Area

Laser Radiation
Avoud Direct Eve Exposure
to Direct and Scattered Radiation
Do Not Enter When Light is Tlnminated

Laser Eve Protection Required
oD @\ m

=

Lazer Type:
Max Power:

Laser Bafety Officer Ext.

A

A\

Figure 1a

A CAUTION

Figure 1c

Class 2ZM Laserin Use

Laser Radiation
Do not stare into beam or
view directly with optical

instruments
Laser Type:
Max Power:
Laser Bafmty Officar Ext.

Figure 1b

Class 3B and 4 Laser Controlled
Area

Laser Radiation
Avoid Diect Eve Exposioe
to Direct and Scattered Radiaton
Do Not Enter When Lizht 15 Ilaminated

Laser Eye Protection Required

NIultiple lasars andwavelengthsin vze, check
with operator for comect eve protecton

Laser Bafety Officer, Ext.

NOTICE

A\

Figure 1d

Do Not Enter

Laser Service in Progress
Laser Protective Eyewear Required
Authorized Personnel Only

Lasar Bafutw Officar, Ext.



Presenter Notes
Presentation Notes
With the protective enclosure, being either a laser curtain or an actual room, one should also accompany it with an appropriate sign that depicts the type of laser hazard and what precautions are necessary to convey to the people that would enter that area.

Most standards have 4 categories for this type of signage which is relevant to the type of hazard.

In the case of lasers, one should use the ‘Danger’ word for Class 4 lasers, the ‘Warning’ word for Class 3 lasers, the ‘Caution’ word for Class 2 lasers, etc.
Each has a particular color associated with the type of hazard as well. In this case, Red is used for the Danger, Orange for the Warning and yellow for the Caution signage. 

The blue is typically associated with a ‘Notice’ and is used for more general scenarios.


= Alignment Practices

Exclude unnecessary personnel

Turn down power or use low power visible beam for path simulation

PPE for eyes and skin, as applicable
* Ensure OD is appropriate for beam power

Tools, targets, curtains, signs, caution tape, etc.

Beam stops/blocks

« Beam not needed
« Down range

Optical
. M . Mirror down
Irrors

Class 3B CW
laser 60mW max



Presenter Notes
Presentation Notes
When the design engineer or service personnel needs to do laser beam alignments as part of the repair process, not only is PPE a must, but the usage of beam blocks or stops is very common. 

Written instructions and the ability to lower the laser’s power during the alignment is also a critical factor.


®Use of Viewing Cards

* Invisible/visible laser radiation converted to visible wavelength

« Spot of light is visible but still must use laser eye protection

|lll||lll

1/8" increments
s s
| S B | ! 11 it

Illllllll

Active Real-Time Viewing Area

The View-It® Infrared Detector Pocket Card features a target
aperture of 38mm square. The aperture converts invisible
800-1700nm light to a visible green with a minimum
sensitivity of TmJ/cm? and a maximum damage threshold of

20J/em?,



Presenter Notes
Presentation Notes
If a beam block is not possible to be used for alignment, it is common to use viewing cards, especially for IR beams because the engineer is not able to see IR. 

For lasers in the white spectrum, your laser goggles will, hopefully, reflect or absorb that color and thus you would not be able to see that beam during the alignment, so you can only use a viewing detector card. For IR beams, the material on these cards are made out of phosphorus and the laser beam will appear green once it hits the card. 

One should not hold the detector card with their fingers as the slight movement of the beam can direct the beam towards the hand resulting in a burn or worse, a drill hole! 

The viewing card you see on the left is an example of a card that a laser engineer kept in their pocket all the time. Those holes you see are a result of a 490 mW Class 3B laser beam hitting it for an approximate period of 10 seconds or longer. So, just because it is Class 3B, don’t assume that it cannot do some material damage or more importantly damage to the skin!


® personal Protective Equipment

When other controls measure are not
practicable, PPE shall be used.....

Laser eye protection (LEP) shall be used for
Class 3B & 4 lasers

Clothing and gloves specifically selected for
suitable protection against laser radiation
should be considered for Class 3B & 4 lasers

http://laser.vigosystems.com/project/laser-
safety-clothes/?lang=en



Presenter Notes
Presentation Notes
Other protection for the personnel is clothing but is used mostly for handling Class 3B and 4 lasers due to the severity on the skin. This clothing is typically used for high power laser testing in production or R&D.



http://laser.vigosystems.com/project/laser-safety-clothes/?lang=en

® | aser Safety Eye Protection — Example of Wavelength Compatibility

Laser Safety Glasses: 25% Visible Light Transmission -
-Rati a
OD Specs (ANSI Z136) L-Rating Specs (EN 207) LG9 Optical Density vs. Wavelength
180 to 400 nm, OD = 6+ 180 to 315 nm (D LB6 + R LB4)
790 to 1090 nm. OD = 5+ =315 to 400 nm (D‘R LE!-4} 8 Iﬂblic Vales are Nomhal Refer o Printed Sne-:l"lca'mr'sl
750 to 1064 nm, OD =7+ 720 to 725 nm (DM LB5)
720 to 750 nm (IR LB5) 61
=1064 to 1075 nm (IR LB5) 8 4
=725 10 1075 nm (DM LB6)
=750 to 1084 nm (IRM LB7)P 21
R zoom a. Refer to the Specs Tutorial tab above for a full 0 ! . : . ! ! ! -
explanation of the EN 207 markings. 02 03 04 05 06 07 0.8 038 1.0 1.1
b. For the M rating of LB7 in the comesponding
wavelength range, the glasses were tested at Wavelength (um)
pulses between 12 ps and 170 fs. Click to Enlarge
Click Here for Raw Data
Based on your currency / country selection, your order will ship from Newton, New Jersey
+1 Qty Docs Part Number - Universal Price Available / Ships
o= I:I a LG9 Laser Safety Glasses, Amber Lenses, 25% Visible Light Transmission, Universal Style $200.00 v Today
“H I:I B LGY9A Laser Safety Glasses, Amber Lenses, 25% Visible Light Transmission, Comfort Style $200.00 v Today
=) I:I E LG9B Laser Safety Glasses, Amber Lenses, 25% Visible Light Transmission, Sport Style $200.00 v Today



Presenter Notes
Presentation Notes
This slide shows a typical chart for a laser goggle model with its respective transmission percentage for a particular wavelength and an optical density number associated with that pair of goggles.

The Optical Density (known as the OD) in laser safety is the amount of light attenuated by the lens of the particular wavelength that is being measured.

The Laser Safety Officer is the person typically responsible in choosing the goggles with the appropriate OD for the type of laser being used by the company. The Optical density number is the result of the calculations made once you know the MPE using the tabulation charts in ANSI Z136.1.


® | aser glasses example

Color
violet
blue
green
yellow
orange

red

Wavelength
380—450 nm
450-495 nm
495-570 nm
570-590 nm
590-620 nm
620-750 nm

7 v of

Frequency | Photon energy

668-789 THz
606-668 THz
526-606 THz
508-526 THz
484-508 THz
400-484 THz

2.75-3.26 eV
2.50-2.75eV
2.17-2.50 eV
210217 eV
2.00-2.10 eV
1.65-2.00 eV


Presenter Notes
Presentation Notes
Here is a picture of a set of laser goggles.

Note the OD # & wavelength that is etched on the lens of the goggles for easy referencing, when you need to make a determination if the goggles are suitable for the laser being used.


DEyewear Cleaning & Inspection

Z136.1 recommended inspection frequency: annual for audit purposes

Inspect EVERY TIME:

* Lens: pitting, crazing, cracking, discoloration
* Frame: mechanical integrity

« Goggles: band, ventilation ports, gasket

« Additional: light leaks and coating damage

\



Presenter Notes
Presentation Notes
It’s very important to visually inspect the laser goggles on a frequent basis. 

Of course, goggles will not last forever and will eventually degrade over time, so you must check the lenses for any discoloration, cracks and even scratches. Even a minor scratch can allow the laser beam to protrude and could get to your retina. 

One should also ensure that the laser goggles fit properly as there are some models that do not take into consideration if the person already wears glasses.


- Eyewear Care & Storage

Eyewear should be cleaned following
manufacturer’s directions

« Store away from potential contaminants

« Store goggles so they are not stressed
(deformed)
« Keep in original container



Presenter Notes
Presentation Notes
Storage for laser goggles is very important to prevent accidental damage.

One should carefully follow the instructions for that particular vendor of laser goggles as the usage of certain cleaning agents may disqualify its warranty but most importantly, it could lower or even abolish its protection qualities.  


® | aser Safety Program General Considerations

Basic needs for implementation:

« Recognized need: lasers are a known hazard
« Management buy-in and support

« Laser Safety Officer (LSO) named
« Program funding (expense items, training, etc.)


Presenter Notes
Presentation Notes
If your company is just getting into the laser scene, having a Laser Safety Program is crucial to the success of maintaining laser safety in the workplace.

It’s highly recommended that you get management support as this will require some funding in some form or fashion.

A person that will be responsible for most, if not all, laser safety input and implementation would be assigned. That person is known as the LSO or Laser Safety Officer. That person does not necessarily need to be an expert in lasers, but should have a general knowledge of lasers and have some formal training by an institute that is credible in the industry, such as the LIA (Laser Institute of America) or Rockwell Industries. 

In addition to the LSO, it is recommended that the company have an internal or external expert (like having a PhD or Masters in Optics for example) to verify the LSO’s calculations in determining the correct OD for the goggles. 

As we are all humans and humans can make mistakes, the LSO should always have a back-up for these critical decisions. There are also some good software programs that one can purchase to assist in this as another back-up in case there is no other resource readily available.


® General considerations: Program basis

Reasons for implementation

* Preventinjuries
 Moral & ethical considerations

* Meet regulatory requirements
 OSHA, state radiation requirements

* Reduce liability & potential for negative publicity

 Control insurance costs



Presenter Notes
Presentation Notes
In the USA, it is required by OSHA and the CDRH (which is the division of the FDA) that you have some program or procedures in place when designing and/or manufacturing lasers or incorporating lasers into your end product.

It may also be necessary for the sake of company policy or insurance requirements, but I believe it should be more of a moral and ethical responsibility to have a formal program in place due to the nature of the hazard, regardless on whether it is mandatory or not.


C"]Required Program Elements for Class 3B & 4

Medical surveillance

« Required following suspected injury Amsler Chart to Test Your Sight
« QOdcular history

 Visual acuity (Snellen)

The Amsler grid is used to check whether lines look wavy or distorted, or whether areas of the visual field

are missing.
« Macular function (Amsler)
- 1. Tape this page at eye level where light is consistent and

« Color vision (Ishahara) without glare,

2. Put on your reading glasses and cover one eye.
¢ P re'place me nt fO r C | adss 3 B/4 users y 3. Fix your gaze on the center black dot.
t erm | n atl on ( 0 ptl ona | ) 4. Keeplmg?' your gaze fixed, try to see if any lines are distorted
] or missing.
» Laser personnel (users, maintenance 5, Mark the defect on the chart.
k o) 6. TEST EACH EYE SEPARATELY.
WOTrKers ) 7. If the distortion is new or has worsened, arrange to see your

* Incident personnel (visual acuity only) eye doctor atonce,

8. Always keep the Amsler’s Chart the same distance from

° U sers Of U V | asers your eyes each time you test,

« Skin exam
« Potential for photosensitization A

i
|
Y

i

|
|
1Y



Presenter Notes
Presentation Notes
One of the key elements of a good program is to incorporate a medical surveillance program to every one that will be dealing directly with lasers. 

Some engineers may be exposed to lasers for up to 8 hours/day and thus there could be some accumulation of damage to the eyes that may not have an immediate effect, but over time that person could experience some discomfort or gradual loss of vision.

Hence the reason of implementing an annual visit to an ophthalmologist to conduct a thorough eye exam with emphasis on the retina quality. 

There is a chart available for anyone who wants to see if they have any issues with their retina. That chart is known as the Amsler chart. You test each eye on a monthly basis to see if there is any distortions of the lines when you try to focus on the center dot in the chart. If there happens to be any distortions in the lines, time to see your ophthalmologist right away to determine the root cause.  

This is also a good idea at home because there could be situations where one is exposed to a bright flash of light, such as a lightning strike or a welder’s tool. 



= Required Program Elements for Class 3B & 4

Records
» Written program, history of changes W picaL RECORD
» Training '
 Medical

« Audits, assessments, inspections

« Maintenance history
« Hazard evaluations
* Inventory history
 M&TE calibration

* Purchasing

« Committee minutes, rosters



Presenter Notes
Presentation Notes
When your company is dealing with Class 3B or 4 lasers, there are certain control procedures that must be place that are dictated by OSHA & the CDRH. 

A written program, which we already discussed
Training, which is especially important
Medical assessment protocol
Internal audits and inspections
A log showing maintenance records for laser tools in manufacturing
The LSO’s hazard calculations
Inventory of lasers
Calibration data for laser test equipment
Purchasing details of lasers & goggles from vendors (i.e. declarations) 
Any meeting minutes for laser discussions


C"]Required Program Elements for Class 3B & 4

Inspections

« Who does these? LSO, operating group, internal,
independent?
« What do they address?
« General program/procedural requirements
 Individual laser inspections
 Hazard identification, QA, concerns

* PPE/protective equipment inspections

« What is the frequency? Daily, weekly, monthly, annually?
* How are the results documented?

 How are the issues resolved?



Presenter Notes
Presentation Notes
Thought the LSO has a lot of responsibility for their laser program, that person does not necessarily have to do all the work. It can be assigned to other individuals that have had the proper training or is experienced in that field. 

An example would be conducting the inspections. Its always a good idea to have another pair of eyes when doing an audit or inspection. As mentioned before, we are all human, and we do make mistakes. There may be an oversight on a potential hazard that was not immediately noticeable by one person, but another person picked up on it. 

If there is not enough resources to do this, then perhaps a good idea would be to invoke a 3rd party to conduct the audits for your company. No harm in doing so. 


DRequired Program Elements for Class 3B & 4

Accident investigations

* Who is included in investigation?
« Graded approach based on incident?

Approval of laser system operations

* When you bring a new system online, do you.....

« Review layout?

« Ensure testing is complete and all is properly
functional?

« Approve operational/maintenance procedures?

« Ensure punch list items are complete?



Presenter Notes
Presentation Notes
A very important factor and one which is a common oversight, is to establish a written procedure on what to do in the case of a laser accident.

You do not want to start figuring out what to do when an accident occurs because your mind may not be in the calm, rationale state because there may be some panic settling in.

One should create a written procedure BEFORE and conduct a simulated accident and cover as much as possible including a foreseeable misuse situation. 

God forbit, if an accident occurs, then you just need to calmly follow the procedure and document everything you do.

You then review the results after the situation and revise your procedure if you and your company felt it could have been handled better.


® | aser Safety Committee

Membership

« LSOs

» Other ES&H professionals \ S—

* Medical

* Training =,
« Engineers/Scientists

« Users

« Management 9,/\_:)

Charter

May assist with establishment of policies, practices, controls, training, equipment, etc.

Shall maintain awareness of industry practices/policies


Presenter Notes
Presentation Notes
If your company is large organization, it might be wise to create a Laser Safety Committee that includes not just the LSO’s and experts, but also individuals that can play a part in other areas as the workload can be quite extensive if you rely on just one person.

Develop a Charter or Policy and make it known in your training that this exists and has the support of management that the procedures are to be taken seriously and followed.


®ILIA (Laser Institute of America)

¢ G @ laorg a2 %

@ Suggestad Sites Imported From IE 7] GPG Ext Global Port.. @ SBM Team Track  J& JaMA [ Canadian Solar CS6.. [ Success @) Isaacson and Comp.. [ Getlegal Help | Ac.. & Whereto Find Lega.. @) Conference Manag.. () Field Evaluations —.. = Home - Beverly Car...

Login | Create Account ¥ View Cart(0) [EESIRESTECrY

I I A Training Conferences Store Membership Resources

THE LASER INSTITUTE

Who We Are

The professional society for lasers, laser applications and laser safety worldwide.

Training Conferences Store Membership
The Laser Institute of America (LIA) is a The conferences of the Laser Institute of Our publications and web media Whether you are new to the world of
network of corporations, non-profit America are the town square of the provide a convenient avenue for lasers or an experienced laser
institutions, and individuals who offer a laser community. A large and diverse individuals to connect with the laser professional, LIA is for you. We offer a
complete line of laser safety training group, laser professionals often find community and gain the latest wide array of products, services,
courses for personnel in research, themselves disconnected from each information on laser technology, education and events to enhance your
industrial, and medical laser facilities. other. applications and safety worldwide. laser safety knowledge and expertise.

View Courses View Conferences

Sign Up Today

Use code LSGRA20 which is good for 20% off and is
valid through next Saturday, May 21. Reg $25.00


Presenter Notes
Presentation Notes
One final note before we take questions:

I mentioned the Laser Institute of America in a few slides. I took their Laser Safety Officer with Hazard Analysis training and one of the books they gave us was the Laser Safety Guide. 

It’s an 50 page light read with a general comprehension of laser safety concepts, outlines potential hazards for all types of lasers and provides easy to understand guidelines for controlling laser hazards. 

It also gets into each laser classification and the corresponding control measures used to protect laser users.

The book costs $25 but LIA has graciously offered our Chapter a 20% discount for the next few weeks, so use the discount code LSGRA20 when ordering online @ www.lia.org

You may also be interested in taking some of their great courses as well. 


® Thank you for your time!

Thank you!

Question period |



Presenter Notes
Presentation Notes
If we have time after the questions, for those who would like to stick around, there is a great youtube video (takes about 10 minutes to go through) that I can play showing the impact of a high power laser on a pig’s eye. It’s quite in’sight’ful and somewhat humorous. 


https://www.youtube.com/watch?v=-wXApAAh8xA



https://www.youtube.com/watch?v=-wXApAAh8xA
https://www.youtube.com/watch?v=-wXApAAh8xA
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