
The Didymium lens we have been using for generations are not be 

providing the best protection for our eyesight. In order to help the reader 

make an informed decision regarding eye protection, I will briefly describe 

the mechanics of both the eye and light. 

The human eye is a wonder of both design and efficiency: able to 

differentiate over 6 million colors and over 10 million shades of lighting. We 

can see in the dimmest of moonlight or over the bright reflection off of a 

snowy field in midday sun. 

Starting at the front of the eye is the cornea.  It’s a clear, strong tissue 

that allows light to pass through. This is one of the few parts of the eye that 

can feel pain – it is sensitive to the slightest scratch. Behind the cornea is 

anterior chamber, which contains a fluid called the aqueous humor. The 

colored iris contains small muscles that control the amount of light entering 

the eye through the pupil.  Behind the iris is the crystalline lens. 

The lens is of particular interest because of how cataracts, which will 

be discussed later, affect it. Even though the lens has almost twice the 

percentage of protein as muscle fiber it is completely clear. This unique 

property is due to the orderly arrangement of its cells, the lens fibers.  

Light rays from close objects are divergent, and must be focused more 

than rays from distant objects, if they are to be seen clearly.  The eye 

accomplishes this through the process of accommodation. 

Three parts of the lens work together to focus light. Together they are 

approximately the size and shape of a lima bean. The nucleus is soft and 

flexible when we are young. As we grow older it becomes more yellow, 

making colors look less vivid. Running around the capsule, like the layers of 

an onion, are the cortex fibers.  They continue to grow throughout our 

lifetime, affecting our eyesight by making the lens stiffer.  The fibrous 

capsule surrounds the cortex. Ciliary muscles inside the eyeball change the 

shape of the lens to focus objects at various distances by changing the 

tension on the capsule.  

The vitreous humor is a jelly-like substance behind the lens. It serves 

to maintain the shape of the eyeball. 

The retina lines the inside of the eyeball.  This is of importance in 

understanding eye damage from glassblowing.  At its center is the macula 

where cones translate light into color. Individual cones react 

photochemically to a primary color. Millions of these tiny cells work 

together to give a complete color picture. Surrounding the macula are rod 

cells, which can only determine lightness or darkness. This gives us 

peripheral vision with little detail. 



Connected to the retina is the optic nerve, which carries information 

about the retinal image to the brain. The visual cortex in the brain translates 

the upside down image projected onto the retina, into a message the visual 

system can quickly understand. A large part of the function of our cerebral 

cortex is to process the information carried by the optic nerve. The optic 

nerve can be destroyed by the common eye ailment of glaucoma.  

There are many eye problems caused by excessive heat or light. The 

most common ailment requiring surgery in the United States is cataracts. 

Cataracts have been written about for 3000 years and are judged to be 

present if there is cloudiness in any portion of the lens. Until the 1600’s the 

common theory was that water on the eye caused vision problems. Around 

that time French surgeon Francois Quarre came up with the idea that 

cloudiness in the lens was the true cause. In the glassblowing region of Jena, 

Germany, Warner Rolfink put Quarre’s theory to the test by dissecting the 

eyes of executed criminals. His published reports revolutionized the 

understanding of the human eye. In 1907 Legge coined the term 

“glassblower’s cataracts” to describe an occupational hazard he discovered 

in England’s glass and other heat related industries.  

The precise cause of cataracts is still under investigation. Conflicting 

theories involve heat, light or a combination including free radicals. Age 

seems to be a major risk factor while another cause could be the oxidation 

due to the delicate proteins being harmed by ultraviolet (UV), infrared (IR), 

or other radiation. People with diabetes or prolonged dehydration are at 

increased risk. Glassblowing exposes the eye to increased heat and light 

including IR, that may cause changes to the lens. It was noticed in the days 

of the blowpipe that the left eye, which was closest to the furnace, was more 

likely to encounter problems. 

 Cataracts form slowly over time and the symptoms are subtle. Colors 

may not appear as vivid; images appear cloudy; and bright lights may make 

images appear more blurry.  Prescription eyeglasses may correct the early 

changes due to cataract, but eventually will not improve vision further. 

Cataracts may be diagnosed during routine eye examinations. Modern 

surgery has made this an outpatient operation with a very high success rate. 

 Retinal damage is much harder to detect and cannot be repaired. The 

retina does not feel pain or heat. Damage is caused by heat build up in the 

back of the eye or the light damaging the delicate light receptors.  Near IR 

radiation can penetrate through the cornea and lens to the retina where the 

radiant energy is transformed into heat. Even very small increases in the 

temperature can cause permanent damage to the eye. Studies on rhesus 

monkeys in 1979 showed near IR caused burns on the retina from exposure 



of 70000 Joule/cm2 for 1000 seconds, although visible light for shorter time 

and less power also causes damage. 

 A simple understanding of light’s properties is essential in choosing 

eye protection. Light is made up of photons, particles of energy, traveling in 

waves.  Shorter wavelengths, or higher frequency lights, contain more 

energy. We will use the unit of one millionth of a meter or nanometer for 

this discussion. Max Planck of Berlin University discovered at the turn of 

the 1900’s that as an object is heated it gives off a wide range of 

wavelengths of light called a continuous spectrum. As the temperature 

increases the peak of the emission curve shifts to shorter wavelengths. 

 One of the first lessons learned in the glass shop usually involves 

infrared energy. We quickly use our hands to sense if there is heat in a clear 

object that our eyes tell us looks cool. When infrared energy reaches our 

body, it is converted into heat. Infrared is just below our vision, at 780-

10000 nanometers, broken into regions of IRA (Near) 780-1400, IRB (1400-

3000) and finally IRC (Far) 3000-10000. Any object above the temperature 

of absolute zero emits infrared energy. If we add oxygen to our fuel we 

increase the temperature of the glass. This is why soft glass worked in a gas 

air flame gives off less Near IR radiation. To think about dangers of infrared 

exposure think about large objects being preheated. A 50-L flask being 

repaired gives off much more IR than a piece of 25-mm Pyrex being sealed.  

 Visible light has wavelengths between 400-750 nanometers. Isaac 

Newton demonstrated that white light is made up of many different colors 

by shining it through a prism he purchased at the Stourbridge Fair, into a 

darkened room to produce the now familiar rainbow. The visible spectrum is 

made up of red, orange, yellow, green, blue, indigo and violet light in 

decreasing wavelength. Our eyes are most sensitive to the yellow-green that 

is at the peak of the sun’s emission. This is why the yellow sodium glare is 

so distracting. Mixing cobalt, silver, and many other metals produce an 

oxide to color the glass. As this glass is heated, many of these metals will 

give off a brilliant, visible light of a different wavelength than Sodium. Just 

because it’s visible does not make it safe! 

 Ultraviolet radiation is between 4-400 nanometers. The UVB region 

of 280-320 is suspected of causing the most common of cancers: skin 

cancer. Any object heated above 1000ºC will emit UV rays. Quartz working 

emits UV rays and even the tough skin of your face and arms will burn and 

become stiff over years of exposure. Ultraviolet radiation can damage the 

structure of cells, inhibiting our body’s continual repair processes. 

 The Didymium lens contains rare earth elements that absorb the 

sodium glare when working Pyrex and other glasses. If you look at the 



transmission curve for didymium, you will see that it filters out the sodium 

light around 590 nanometers quite well, but not much else. In 1997, 

Olanrewaju Oriowo and Ralph Chou of the University of Waterloo 

measured the light emitted by heating 25-mm Pyrex. As you can see by the 

graph, there is some IR light emitted by the hot glass. This IR goes through 

the lens, unhampered, to reach your eye. We cannot be sure how much IR is 

radiated by a particular operation, or what is a safe level of exposure given 

that this is a lifetime exposure. 

 Schott Glass developed Amethyst Contrast Enhancer. Using stabilized 

rare earth elements, it gives better distinction between colors. In this case, 

the red and orange of hot glass helps in judging temperature of the glass. 

This technology produces the improved colors in a television screen. 

Filtering of IR is similar to Didymium, which is not ideal. 

  

 Relatively new to the market are sodium filtering polycarbonate 

lenses. They clip on to your reading glasses, filtering out more of the sodium 

light along with improved IR filtering. They are lightweight and can be 

trimmed with scissors to fit better.  They also give an improved color 

enhancement to let you judge the temperature of glass, which can prove very 

handy in making bends or coils. They are a little darker than didymium 

making them difficult for minute work. They are priced at a little over $50 a 

pair. 

 Reflective shields do not absorb the unwanted light, but reflect them 

away. An absorbing lens can become quite hot if you are exposed for a 

prolong time. Face shields make working large glass much more 

comfortable. 

 Aura 186 offers a new generation of protection. It combines the ACE 

color enhancer, similar to didymium, with a filter similar to a light welder’s 

shade. The two glasses are then bonded together. The result is a thicker glass 

that is darker and heavier.  Some people minimize the weight by getting a 

smaller lens instead of the Aviator lens that is so large. If you choose this 

option you may want to consider side shields to protect from flying glass or 

darkened shields to protect from the light emitted from a co-worker’s torch.  

The glasses cost around $300 without prescription, and you should add 

another $100 for a prescription. This offers a much better filter of Near IR 

and sodium. I contacted B. Ralph Chou, MSc, OD, FAAO, Associate 

Professor of School of Optometry, University of Waterloo, Waterloo, 

Ontario, Canada, and Vice Chair, Technical Committee on Industrial Eye 

and Face Protection of the Canadian Standards Association for his opinion. 

He said 



“Dear Mr. DeFlorio, 

 

I checked the information on the Aura lens site, and of the various choices 

for working with Pyrex in a gas flame, the AGW186 is indeed the best 

choice.  It has good blockage of both the UV and IR, and it also blocks the 

Sodium flare.  It looks like a very good product for scientific glassblowing.” 

 For artists using colors and fuming onto glass, there are split lenses 

that have a dark welder’s shade to protect from the intense light. Some of 

these filters are Welder’s #8 which has less than 1% transmission for visible 

light. This should give you an idea of how powerful the glare is coming off 

of colored glass!  Quartz and Vycor should only be worked with a welder’s 

goggle. Check with the manufacturer to be sure you are using a high enough 

shade number. 

 With any of the darker shades, reflection from the wearer’s side of the 

glasses can be annoying. I wear a baseball hat when working under bright 

fluorescents: it cuts down the glare. When working in a hot oven with a face 

shield, I turn off the overhead lights. The only light is coming off the hot 

glass. In time, most people will adjust to the change from didymium. 

Symposiums offer a unique opportunity to test various glasses before buying 

an expensive prescription. 

 In conclusion we now have an incredible variety of shades to protect 

us, and appliances to use them. Your local optician may not carry the lens 

you want and I have had several complaints by prescription users. Corrective 

lens have different thickness; your left and right lenses can end up different 

shades. Look through ASGS vendor websites and their links (their business 

is glassblowing). Many have transmission curves for the filters. Pay 

attention to the transmission of Near IR! Eye damage is a function of 

wavelength, duration of exposure, number of exposures and power. Think 

about heat going into your glasswork converting into light energy. The more 

that goes out of your torch, the more that will be coming into the back of 

your eyes. Your head may not dissipate heat as fast as your work is 

radiating, and this places your retina at an elevated temperature even with 

out the IR hitting.  You can now get visors to wear over your reading glasses 

or plates to mount on your bench. These make a lot of sense if you have 

summer help or if your children want to try glassblowing.  

 I want to thank Dr. B Ralph Chou of University of Waterloo; he has 

been one of the few modern sources I have come across in researching this 

topic. Brad Guth of 3M brought the topic to my attention, thank you for your 

patience. Special thank you to my daughter Emily Kenfield for proof reading 

and corrections, you will make an excellent English teacher. Many members 



on the ASGS bulletin board had helpful suggestions and sources of 

information. 
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