GENERAL GUIDANCE FOR  

LASER PROTECTIVE EYEWEAR

Experience has shown that laser eye accidents more frequently occur during alignment procedures. In many of these instances, a problem has been that AVAILABLE EYE PROTECTION HAS NOT BEEN WORN. There have been numerous accidents reported involving individuals who had eye protection within reach but did not wear it. The reason stated was that during "alignment" they need to see the beam and could not. 

Often, eyewear designed for full protection often greatly reduces the possibility of seeing the beam. Thus a diffuse reflection cannot be seen during an alignment process. As a result, the eyewear is removed to accomplish the alignment task. So-called "alignment" eyewear is designed to allow a safe level of laser light to be transmitted through the filter. This requires viewing only diffuse (scattered light) reflections of the beam and never the direct beam. Usually the alignment eyewear does afford some limited-time protection for accidental direct beam exposure but it is never intended for such viewing. 

Visibility of normal ambient light (luminous transmission, or LT) through the filter can sometimes be improved if the laser eyewear filters are designed for the task. For example, optical alignment with a modestly powerful continuous wave (cw) laser can be done using a filter type that reduces the laser power transmitted through the filter from a diffuse reflection to not only a "safe" level but also a level that is "comfortable" to view. This might be required during alignment of an optical system by a technician using a diffusely reflecting target "to see the beam" during the task. In these cases, the MPE used in the optical density determinations can be based upon an exposure time of 600 seconds. Often the design allows an optical density significantly lower than would be required using an 8-hour MPE criterion. This usually results in a filter of greater overall luminous transmission, hence superior visibility while wearing the eyewear. It is important to account for sources of direct or specular (mirror-like) reflections. 

Since the option during alignment processes is to "cheat" and not wear protective eyewear, in essence, alignment eyewear provides an alternative to no eyewear at all. 

THE BASIC REQUIREMENTS UNDER ANSI Z136.1

· Protective eyewear shall be worn whenever operational conditions may result in potential eye hazard. 

· All laser protective eyewear shall be clearly labeled with the optical density value and wavelength for which protection is afforded. 

· Protective eyewear should be comfortable, provide adequate visibility (luminous transmission) and prevent hazardous peripheral radiation. 

· Periodic frequent inspection shall be made of protective eye wear to insure the maintenance of satisfactory filtration ability especially following exposure to hazardous Class 4 laser radiation.  See “Care and Maintenance” section below.

FACTORS IN CHOOSING LASER PROTECTIVE EYEWEAR

· Optical density (OD) of eyewear at laser output: These will be based on the output of the lasers and the wavelength(s) involved.  Optical densities stamped on older eyewear may be misleading in that damage may occur to the eyewear and power densities or irradiances implied by the OD.  Optical densities in excess of 6 on many types will also have rather low figures for luminous transmission, or the amount of visible light they let through. 

· Visible light (luminous) transmission requirements: This figure should be as high as practical.  Laser protective eyewear with luminous transmissions of around 20% and less should be avoided. 

· Damage thresholds: Different goggle materials have different damage thresholds.  The manufacturer should be consulted for these specifications on resistance to damage from high average power or peak irradiances.

· Need for prescription glasses: Some protective eyewear types (i.e., spectacles) can have prescriptions built right into the eyewear.  Other types (i.e., goggles and wrap-arounds) may able to fit over normal prescription eyewear, and be less expensive but may be bulkier and/or heavier and less comfortable.  This will affect comfort and fit, as well as peripheral vision of the eyewear, which can discourage its use.

· Degradation of absorbing media: Plastic filter materials often offer greater impact resistance, lighter weight, and convenience of molding the eye protection into comfortable shapes.  The disadvantages are that they are more readily scratched and the filters often "age" poorly in that the organic dyes used as absorbers are more readily affected by heat and/or ultraviolet radiation, which cause the filter to significantly darken.  Plastic materials generally display a lower threshold for laser beam penetration.  This may be offset somewhat by the fact that the absorbing media is contained throughout the matrix and is not subject to scratching or wearing off.

· Strength of materials (resistance to shock): Not all-absorbing glass filters used for laser protection can be easily hardened and, consequently, may not provide adequate impact resistance.  In some goggle designs, however, impact resistant plastic filters (polycarbonate) can be used together with non-hardened glass filters in a goggle design where the plastic is placed in front and behind of the non-hardened laser filter glass.

TYPES

Goggles: This type of eyewear fits closely on the face and can usually be worn over prescription eyeglasses.  They are usually constructed with frame vents to minimize lens fogging and are generally larger and heavier than spectacles or wraps

Wraps: This design is composed of a frame with a single lens that covers both eyes usually lighter than spectacles/goggles.  This design, similar to goggles, can usually accommodate prescription glasses worn underneath.

Spectacles: A frame that usually has two separate lenses with side shields can be made with vision-correcting prescription eyeglasses.

SOME HELPFUL HINTS

· Even if you are wearing laser protective eyewear, never look directly into any laser beam. Contact the Laser Safety Officer (LSO) if you feel that aligning your laser requires intrabeam viewing. 

· If laser protective eyewear is required, the Standard Operating Procedure specifies the OD (optical density) at the laser wavelength(s) being used. The OD specified is the minimum OD sufficient to protect the user against a momentary intrabeam or specular reflection exposure.  Contact the LSO for any questions you may have regarding laser protective eyewear.

· For visible lasers, the minimum OD required to protect the user against intrabeam viewing should allow the viewing of a diffuse spot on a light colored surface. If the laser protective eyewear has an OD much larger than the specified minimum OD, it may be impossible to properly view a diffuse beam spot (or even see properly in the laser facility). 

· In some instances (visible lasers from 400 - 450 nm and 650 - 700 nm), it may be preferable to reduce the OD below the specified intrabeam minimum OD to better view a diffuse spot. Reducing the OD by 1 or 2 should substantially improve viewing while still offering adequate eye protection (the intrabeam OD has a X10 safety margin calculated into the value, which includes the human aversion (blink) response). Reducing the specified OD by a number greater than 2 may reduce the protection factor enough to allow eye injury should a specular reflection be viewed accidentally. 

· For invisible lasers, the minimum OD for intrabeam viewing should not be reduced, as OD reduction will not aid in viewing the beam. Instead, the laser protective eyewear should be chosen to allow the wavelength produced by the viewing aid to be transmitted while absorbing the invisible beam.  Luminous transmission for protective eyewear that is designed specifically for UV and IR wavelengths is often good.  For example, a Nd:YAG beam at 1064 nm is being aligned with the use of an IR sensing card, which absorbs some of the 1064 nm radiation and emits radiation at 550 nm. The calculated intrabeam OD for the Nd:YAG is 6.0. A good choice for laser protective eyewear would be a goggle with a UVEX type 06 filter (an OD of 8+ at 1064 nm and an OD of less than 1 at 400 to 700 nm).  This goggle has a visible light transmission of 70% and should allow the diffuse spot to be easily viewed while giving excellent protection from the invisible Nd:YAG beam. NOTE: This eyewear would obviously not be a good choice if the Nd:YAG beam frequency was doubled to 532 nm. 

· All laser protective eyewear should have a luminous transmission sufficient to allow safe operation in the laser facility. The luminous transmission should be about 35%. Laser protective eyewear with a low luminous transmission will generally not be worn by users and so cannot provide any protection. A proposed European Standard CEN sets full protection VLT eyewear level at 20%, and 40% for alignment eyewear. One way to accommodate this would be to increase illumination in the workplace.

CARE AND MAINTENANCE

The proper care and maintenance is essential to ensure that the equipment remains in good condition and is serviceable.  Eyewear can represent a significant investment.  It will last longer and give better service if it is kept clean and properly stored.  Poorly maintained eyewear will not only need to be replaced more often but can be a liability to the wearer.

Storage: Eyewear should be stored in clean and sanitary “ready for use” condition in an area away from dust and dirt and other contaminants. The eyewear should also be kept in an area away from exposure to chemicals and vapors, which could degrade or affect the material over time.  This may be especially true in some of the plastic lenses in that the organic dyes used as absorbers are more readily affected by heat and/or ultraviolet radiation, which cause the filter to significantly darken.  In addition to affecting the eyewear, contaminants in the work area may also be introduced into or around the eye when the contaminated eyewear is worn.

Cleaning: If the eyewear needs to be cleaned, follow the recommendations of the manufacturer.  Generally, a mild soap solution is fine for polycarbonate eyewear.  Special care may need to be taken for coated or laminated eyewear.

Inspection: This shall include inspection of the filter material for pitting, crazing, cracking, and inspection of the goggle frame for mechanical integrity and light leaks. Straps should be inspected as well and replaced if they have been stretched or are frayed. 
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