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CHAPTER 6 – THE EYES
The eye may be the organ most vulnerable to occupational injuries.

Potential eye hazards are found in nearly every industry.

The majority of OSHA-reportable injuries to the eyes continue to be related to mechanical injury or contact with hazardous substances.
The eyeball is housed in a cone of cushioning fatty tissue that insulated it from the skull’s bony eye socket.

The skull has a brow and cheek ridges projecting in front of the eyeball.

The eyeball is composed of tissue that does not react to injury like other body tissue
Eye Anatomy
External Structures

conjunctiva

A smooth, transparent layer of tissue that protects the front of the eyeball.

A similar membrane covers the inside of the eyelids.

eyelids

Extremely thin folds of skin that cover and protect the eyes.

Controlled by muscles that can be either voluntary or involuntary.

The role of blinking is to regularly spread tears and lubricants on the eye surface to keep it moist.

The blink reflex protects the eyes from foreign bodies.

eyelashes

A row of hairs that serve to heighten the protection of the eye from dust and foreign debris, as well as from perspiration.

tarsal glands

Secrete a lubricant.
lacrimal glands

Secrete tears to keep the conjunctiva moist.

Internal Structures
sclera

The white of the eye, composed of dense fibrous tissue that protects and maintains the shape of the eye.
cornea

A transparent layer at the front of the eye, composed of dense fibrous connective tissue that has no blood vessels.
aqueous humor

Area between the cornea and the lens, filled with a salty, clear fluid.

iris

A heavily pigmented, muscular tissue that overlies the lens, designed to expand or contract and thus regulate the amount of light entering the eye.

pupil

The portion of the lens that is exposed by the iris.

lens

A flexible, crystalline (water soluble proteins) structure that, along with the cornea, helps refract and focus light entering the eye so that it might be focused on the retina.

Normally, the attached ciliary muscles are active only when looking at objects closer than 20 ft.

vitreous humor

The area behind the lens, filled with a jelly-like substance.
retina
The light-sensitive layer of tissue lining the inner surface of the eye.

rods

Function mainly in dim light and provide black-and-white vision.

(120 million rods per eye)

cones

Support daytime vision and the perception of colors.

(6 million cones per eye)

macula
A small (6 mm diameter) area near the center of the retina that absorbs excess blue and ultraviolet light that enters the eye (natural sunblock).

Involved in central vision (as compared to peripheral vision).

fovea

A small (1.5 mm diameter, ~2% of retinal area) depression in the macula region of the retina responsible for sharp central vision.

Contains densely packed cones (50% of the visual cortex).
blind spot

The place on the retina where the optic nerve passes out of the eyeball.
The brain interpolates the blind spot based on surrounding detail and information from the other eye.

choroid

A darkly pigmented layer of tissue richly endowed with blood vessels that minimizes scattering of light within the eye and, it is believed, functions to dissipate the heat resulting from the light energy absorbed by the retina.

binocular vision
Refers to vision with two eyes.

The advantages are a larger visual field and a perception of depth, or stereoscopic vision.

There is a slight difference in the images on the two retinas.

The two images blend in consciousness and give us an impression of depth or solidity.

Exercise:
Eye dominance test.
Eye Professionals
Ophthalmologists
A doctor of medicine (MD) who specializes in the comprehensive care of the eye and visual system.

Each is licensed by a state to practice medicine and surgery.

Can prescribe eyeglasses and contact lenses.

Optometrist

A primary health care provider who diagnoses, manages, and treats conditions and diseases of the eye and visual system.

Licensed by states to prescribe pharmaceuticals and provide treatment for ocular diseases.

Can prescribe eyeglasses and contact lenses.

Optician

An individual who manufactures, verifies, and delivers lenses frames, and other optical devices.
Examining Instruments
Snellen chart

Most common industrial test for distance acuity.

Chart consists of block letters in diminishing sizes.

The distance of 20 ft. is considered to be infinity (rem. ciliary muscles), meaning the lens is relaxed and the rays of light coming off of the chart enter the eye parallel to one another.
Eye Defects
1.1 million Americans (0.5%) are considered legally blind—a visual acuity with corrective lenses of 20/200 or less, or with a field of vision of 20° or less.
More than 10 million people (1:20) are deemed low vision and suffer from significant impairment of vision that cannot be improved by corrective lenses.

The leading causes of existing cases of blindness are glaucoma, macular degeneration, cataracts, atrophy of the optic nerve, diabetic retinopathy, and retinitis pigmentosa.

Note:
A larger percentage of all cases of blindness could be prevented by taking advantage of current medial technology and proper safety measures.

Visual Defects

Approximately 40% of the population wears eyeglasses, indicating that nearly 1 in 2 people have some visual defect.

Additionally, with the aging of America, an increasingly larger segment of the population will be affected by vision defect.

farsightedness

When the eyeball is too short from front-to-back, the light rays come to focus behind the retina.

Light rays from a distant object may reach their focus at the retina, so distant vision is good, but near vision is blurred.

The treatment is to wear a convex lens that converges the light rays from near objects so they focus on the retina.

nearsightedness

If the eyeball is too long from front-to-back, the light rays come to focus in front of the retina.
Light rays from near objects may reach their focus on the retina, no near vision is good, but far objects are blurred.

The treatment is to wear a concave lens that converge the light rays from distant objects so they focus on the retina.

astigmatism

If the curvature of the cornea is irregular so that some rays of light are bent more in one direction than in another, the resulting image is blurred.

The treatment is to wear a lens that bends the rays of light in only one axis so that all rays focus on the retina.

presbyopia

The age-related decrease in near vision.

Through aging, the human lens loses its elasticity and its ability to thicken.

This condition usually develops at around age 40.
Visual Performance
Visual Acuity

The most satisfactory expression for visual acuity is the amount of critical detail that can just be discriminated.

The Snellen Letter Test is the most familiar and widely used measurement device.

Dark Adaptation

Optimal visual discrimination under low-light conditions can be made only if the eyes are fully adapted to the level of prevailing light.
Eyes must remain in total darkness for 30–60 minutes to fully adapt.
Note:
The sensitivity of the eye in the parts of the retina where both rods and cones are present is increased by a factor of 10,000 for white light.

Important operational consequences of the low-light adaptation process:


best performance on a task in low light requires the eye to be pre-adapted

detection capability is highest on the parts of the eye where rods are most abundant (10–30° from the fovea), and averted vision is required for optimal performance


red goggles or very deep red illumination

the rods are relatively insensitive to red light


it is possible to maintain dark adaptation in one eye (using an eye patch) while the other is used at high light levels

Depth Perception

Depth can be estimated through the use of various cues:  some cues are provided by the scene of interest; others are inherent in the observer.

Scene-Provided Cues (monocular vision)
linear perspective

The tendency of parallel lines to appear to converge at the horizon.
interposition

When one object is blocked by another.
shadows
Differences in illumination of an image.

(if something is 3D it will cast a shadow, if it is only 2D, it won’t)
texture gradient
Nearer objects appear more detailed than objects further away.
movement parallax

The difference in the apparent position of an object while in movement due to the changing angle of view.
(passing telephone poles in a car)
Internal Cues (binocular vision)

accommodation
Changing the shape of the lens using the ciliary muscles.
Acts like a reflex but can be controlled.

Note:
The young human eye can change focus from distance (infinity) to 7 cm from the eye in 350 milliseconds.

convergence

Rotating the eyes towards each other.
(somewhat more useful, but only within about 20 m of the observer

stereoscopic acuity
Identifying the angle of disparity between two objects when viewed through different eyes.
Note:
It should not be assumed that people with monocular vision cannot do tasks normally assumed to require stereoscopic vision

Color Vision
Color restrictions can impose restrictions in certain occupations (e.g., electricians, pilots, commercial drivers, firefighters).

A commonly administered test is the Ishihara color plate test, which is very sensitive at identifying red-green defects (the most commonly inherited defect).

Note:
About 6–8% of males and less than 0.1% of females inherit a defect in one of the cone pigments.

The people are not color blind since they can see color, but rather color defective in that they perceive color differently. http://www.colorvisiontesting.com
A very small percentage of the population is truly color blind in that they have only rods in their retinas.
Eye Disorders
Conjunctivitis

Inflammation of the mucous membrane under the eyelids.

Most often the cause is viral (tearing), bacterial (pus, mucous discharge), or allergic (itching).

All causes produce varying degrees of redness (pink eye).

Can affect the cornea, cause pain, decreased vision, and light sensitivity.

Note:
Conjunctivitis is often related to contact lens wear, particularly from bacterial infections.

Glaucoma

The leading cause of blindness in the United States.

primary open-angle glaucoma

Ordinarily the aqueous humor fluid is continuously produced in the eye and excess drains off through a small duct near the iris.

Aging, infections, injuries, congenital defects, and other causes can constrict or block the duct.
Fluid pressure builds and the pressure, if great enough and of long enough duration, can damage the optic nerve.

This form of glaucoma is not painful and may go undiagnosed for years.

acute-angle closure glaucoma

Vision dims suddenly, they eyeball becomes painful, and very light sensitive, and the patient feels quite ill.

This form of glaucoma should be considered an emergency.

Cataracts
Opacities that form on the lens and impair the vision of many elderly and some younger people.

Many cases are associated with metabolic disease or aging, but there are also traumatic cases associated with exposure to radiation, foreign bodies, and certain chemicals.

Can also be caused by certain medications (prolonged use of corticosteroids).

Evidence that cigarette smoking increases cataract development.

The diseased lens can be removed, and is generally replaced with a plastic implant.

Excessive Brightness
Good sunglasses can protect the eye in bright sunlight.

Should reduce the visible light as well as ultraviolet (UVA and UVB).

Should be free of scratches and irregularities.

Night Blindness

The inability to see well in dim light.

Threat to safety, particularly on the highway.

Condition produces no discernible change in eye tissues, so it cannot be diagnosed unless a patient tells the physician of difficulty in reading road signs or icing out objects at night.

Note:
Early state cataracts may also cause disabling glare with night driving.

Eyestrain
Can lead to severe signs of local irritation, headaches, fatigue, vertigo, and digestive and psychological reactions.

Can result from a need for eyeglasses or from using glasses with the wrong correction.

May also result from unfavorable conditions (e.g., improper lighting, doing close work, glare)

Nystagmus
Involuntary movement of the eyeballs.

May occur in workers who subject their eyes to abnormal and unaccustomed movements for extended periods.

Symptoms include complaints of objects dancing before the eyes, headaches, dizziness, and general fatigue.

Physical Hazards

Because it is composed of highly differentiated tissues, the eye is quite likely to suffer permanent damage from injury.

The eye does have natural defenses. (e.g., bony ridges of the skull, cushioning layers of the cheeks, eyelids).

It is designed to withstand some measure of impact and other traumas.

Note:
The eyeball can be dislodged from its socket (itself a defense against injury), and the optic nerve is long enough to allow some displacement without rupture of the nerve.

Blows from Objects

A blow from a blunt object can produce direct pressure on the eyeball.

If the object delivering the blow seals the rim of the bony orbit on impact, it can exert hydraulic pressure.

May cause contusion of the iris, lens, retina, or optic nerve.

Violent blows might rupture the entire eyeball or fracture the thin lower plate of the bony orbit.

Note:
Contusions may result in serious, irreversible injury if not treated promptly.

Hemorrhaging releases blood, which can be toxic to eye tissues.

Physical dislocations of lens, retina, and other parts are unlikely to repair themselves.

Corneal Lacerations/Abrasions
Lacerations of the cornea, lid, or conjunctiva can be caused by any sharp object.

eyelid

Lacerations of the eyelid heal, but the scar tissue can pull the lid into an unnatural position.

The lids might not close completely or lashes might turn in against the eyeball.

cornea
Most injuries to the cornea are scrapes or abrasions

Tend to be very irritating and painful, but heal within several days if treated properly.

If they are too deep or allowed to become infected, the result can be scars that interfere with vision.

Corneal lacerations, if full thickness, can allow the aqueous solution behind the cornea to rush out until the iris is pulled forward and plugs the wound.
The iris can be put back in place, the cornea sutured, and the eye made nearly as good as new.

blink reflex
The eye is most vulnerable to attack at the corneal surface.

Here, the eye is equipped with an automatic wiper and washer combination.

The washers are the lacrimal glands; the wiper is the blinking action.

The triggering mechanism for a blink is irritation.

The reflex blink can also act like a door to shut out a foreign object heading for the eye if the eye can see it coming and it isn’t coming too fast.

Protective equipment of the eye is used in industry to improve or extend these natural defenses.

Foreign Bodies

Invasion by a foreign body is the most common type of physical injury to the eye.

Not all foreign bodies affect the eye in the same way.

foreign bodies in the conjunctiva

Usually not very serious, cause redness and discomfort, but not vision damage.

These bodies can be transferred to the cornea and become embedded if the eye is rubbed.

foreign bodies in the cornea

Can cause a range of problems:


pain (the cornea is heavily endowed with nerves)


infection (bacteria or fungi)


scaring (optically imperfect)

foreign bodies inside the eye

Can cause the following problems:


infection (metallic particles (sometimes heat sterilized) v. wood particles)

damage (may cause traumatic damage to the cornea, iris, lens, or retina)

Note:
Pure copper particles can cause serious damage because the toxic copper molecules become deposited in the lens, cornea, and iris.
(arc fault explosions)

Thermal Burns

Heat can destroy eye and eyelid tissues, but eye tissues do not recover as well as skin and muscle.

The lids are more likely to be involved in burn than the eye because of the automatic blink reflex.

Irradiation Burns

Infrared, visible, and ultraviolet light and lasers can present the most significant exposures of the eyes to damage.

The degree of damage depends on the tissue involved and the energy of the incident light photon.

Damage to lens cells may not be apparent for some time after the insult because of the low level of metabolic activity.

Low-degree damage is evidenced by cloudy vision or cataract, and is usually not reversible.

Lens damage may be cumulative.

Retinal damage can take a number of forms:   rods and cones may regenerate when slightly injured, but usually degenerate when extensively injured.

ultraviolet radiation (electric arc welding)
Welder’s flash is an acute inflammation of the cornea and conjunctiva that develops within six hours after even a momentary flash

Welder is rarely involved, but helpers and bystanders often suffer exposure (direct gazing, reflected)

Note:
Beware of photocopiers.  Beware of snow blindness.
infrared radiation (molten metals)
Infrared radiation passes easily through the cornea, and its energy is absorbed by the lens and retina.

Usually causes damage through a general increase in tissue temperature.

visible light
Visible light in sufficient amounts may damage eye tissue.

Most models consider thermal injury to the only cause of damage.

laser

Due to its intensity and properties, lasers present a major hazard to the eye.
photochemical

creates a change in cell chemistry that may result in damage or change to tissue

thermal

resulting from a rise in temperature following absorption of energy

acoustic
causes local vaporization of tissue that explodes sending shockwaves through surrounding tissue

can also release blood, which is toxic to nerve cells

Chemical Hazards

Effects vary from minor irritation to complete loss of vision.

In addition to accidental splashing, some mists vapors, and gases produce eye irritation, either acute or chronic.
In some instances a chemical that does no damage to the eye can be absorbed to cause systemic poisoning.

Some industrial chemicals irritate the mucous membrane, stimulating lacrimation.
Other results can include discoloration of the conjunctiva, disturbances of vision, double vision from paralysis of the eye muscles, optic atrophy, and temporary or permanent blindness.

Chemical Burns

Chemical burns can be divided into three categories:

alkali burns

Result from exposure to chemicals with a high pH.

Alkali burns are the most dangerous, since they have a saponification effect on the tissues of the eye.

An eye might not look too based on the first day after exposure to a caustic, but later it may deteriorate markedly.

acid burns

Result from exposure to chemicals with a low pH.

Usually less severe than alkali burns, since they don’t penetrate the eye as readily (except for hydrofluoric acid – semiconductor industry).

With acid burns, the initial appearance is a good indication of the ultimate damage.

Note:
Exploding car batteries are a common cause of acid burns to the eye.

irritants

Substances that have a neutral pH.

Tend to cause more discomfort to the eyes than actual damage (e.g., household detergent, pepper spray).

Note:
Exposure to some irritant chemicals provokes acute inflammation of the cornea, creating pinholes in the cornea that rapidly breakdown into erosions.

First Aid
Propelled object injuries require immediate medical attention.

The extent of permanent damage resulting from chemical splash injuries depends almost entirely on how the victim reacts.

If the victim gets quickly to an eyewash station, irrigates the eye for at least 15 minutes and promptly receives expert medical attention, the chances are good for no, or minimal, damage.

Such irrigation should be with plain water from standard eyewash fountains emergency showers hoses or any other available source.

Note:  The American National Standard Institute (ANSI) Z358.1-2009 covers the design and function of eyewash fountains.

Protective Equipment
All eye-protection equipment is designed to enhance one or more of the eye’s natural defenses.

The classic safety glasses, with or without sideshields, are probably adequate for 90% of general industrial work.

The requirement for proper eye protection should be vigorously enforced to ensure maximum protection for the degree of hazard involved.

Eye-protective device must be considered optical instruments and should be carefully selected fitted, and used.

(ANSI) Z87.1-2003

Only safety eyewear that meets or exceeds the requirements is approved for full-time use by industrial workers.
The 2003 changes classified personal eye protectors as being either:


basic (1 inch ball dropped from 50 inches)


high impact (must comply with additional high mass and high velocity impact criteria)

Frames used for safety glasses must pass high velocity and high mass test methods.

Impact Protection

Three types of equipment are used to protect eyes from flying particles.

spectacles

Polycarbonate lenses are the most impact resistant.

Spectacles without sideshields should be used for limited hazards requiring only frontal protection.

Whether side-shield are needed should be determined by the health and safety professional who has evaluated the work environment.

flexible-fitting goggles

Designed to provide the eyes frontal and side protection from flying particles.

Should have a wholly flexible frame forming the lens holder, and usually have a single plastic lens.

Most models fit over ordinary eyeglasses.

chipping goggles

Should be used where maximum protection from flying particles is needed.
Have contour-shaped plastic eyecups and come in two styles: one for people who wear eyeglasses, and one for those who don’t.

Welding Protection
Welding processes emit radiation in three spectral bands:  UV, visible, and IR.

The proportion of the energy emitted in the visible range increases as the temperature rises.

Welders can choose the shade of lenses they prefer within one or two shade numbers:


shades 1.5-3.0

protect against glare from snow, ice, stray flashes, and reflected radiation


shade 4.0
same as shades 1.5-3.0, but for greater radiation intensity

Laser Protection

Because of the coherent nature of laser light, lasers are particularly hazardous to the eyes, especially the macula.

Both direct and reflected exposures to laser light can cause serious eye damage.

Containment and protection at the source (engineering controls) are preferred.

Typically, protective eyewear for use around lasers will have maximum attenuation at the specific wavelength of the laser in use.
Sunglasses

Darkly tinted lenses should not be worn indoors unless specifically required because of excessive glare or eye-hazardous radiation.

Phototochromic lenses automatically change tint from light to dark depending on their exposure to UV light.

Such lenses do not react indoors, in a car, or anywhere else that UV light cannot reach.

The ANSI Z87 standard recommends a variety of fixed density tinted lenses for specific job situation involving radiation harmful to vision.

Comfort and Fit
To be comfortable, eye-protective equipment must be properly fitted.

Each worker should be taught the proper care of the device being used.

Various defogging materials are available.

In areas where goggles or other types of eye protection are extensively used, goggle-cleaning stations should be conveniently located, along with defogging materials, wiping tissues, and a waste receptacle.

Computer Vision

Much concern has focused on health problems associated with the use of computers (eye fatigue, visual discomfort).

Factors that lead to visual discomfort include poor contrast between the characters and background, high contrast between the screen and other surfaces, and glare from and flicker on the screen.

Because of the variety of visual problems and work practices of operators, proper design should allow for flexibility in the placement of the screen, keyboard, source documents, and work surfaces.

Ambient lighting must be adjustable, bright backgrounds such as windows should be eliminated, and appropriate rest periods are indicated.

People who spend long hours at a time at a computer should frequently change their focus, or look off into the distance to help the eyes relax and prevent spasms.
Contact Lenses

Historically, contact lenses have been banned in industrial environments.

However, there is little (to no) evidence that prohibition of their use is warranted.

Current thinking is that contact lenses should not be considered eye protection and are not intended as such.

If eye protection appropriate for the job is worn over the contact lenses, employees should be able to safety use them.

OSHA has codified the ANSI Z87.1 standard regarding eye protection over contact lenses:

“The required industrial-safety eyeware for the specific hazard identified in ANSI Z87.1 must be worn over the contact lenses.”

Health and safety practitioners have often banned the use of contact lenses with respiratory protection. Limited research has not found adverse effects.

Note:
Some state OSHA programs may still prohibit the use of contacts lenses with respiratory protection.

Vision Conservation Program
Includes four steps.

Environmental Survey

Survey the workplace environment.

-
to assess the likelihood of injury and potential severity of injury from the worker’s job operation, 
-
the potential for injury from adjacent operations, and 
-
the optimum visual acuity requirements for fast, safe, efficient operations.

Should include illumination measurements.
Note:
Often, simply cleaning light fixtures can increase illumination by 100%.

Each workstation should be free of toxic or corrosive materials, and employees should be instructed in the correct use of eyewash facilities.

Vision Screen Program
Determine the visual status of the work force.
Test the visual acuity in 

-
each eye separately;

-
both eyes together;

-
at near point (usually working distance); and

-
binocular vision (ability to make both eyes work together).

Additional specific tests (e.g., color vision, field of vision, glaucoma testing, depth perception) can be added as needed.

Note:
Often, and employee performs many jobs.

In these instances, recommendations are made after the job most frequently performed is compared with the one most visually demanding.

Remedial Program
Inform each employee the result of their vision screening.

Workers showing deficiencies are referred to the eye doctor.

Employee goes to the doctor with the prescription form for safety glasses and a written description of the visual aspect of the job or duties of work.

The job description includes recommendations concerning the type of prescription that will make the worker more comfortable and more efficient.

Professional Fitting
Professional fits protective and/or corrective eyewear to the employee.

Proper measurement and fitting can be the difference between a successful and an unsuccessful program.

A perfect prescription or nonprescription safety eyewear is useless if the frame hurts so much that it cannot be worn.

Note:
These employees are usually the most difficult to fit . . . are not accustomed to having something in front of their eyes or the weight on the nose and ears.

Guidelines
The following guidelines should be part of every vision conservation program:


Make it a 100% program; include everyone.
Employees will accept it more readily, and it will be easier to administer.

Make certain that safety eyewear is properly fitted.

Include eye-care stations both for first aid and for eyewear cleaning.

Control eye hazards at the source.

Make sure all areas have adequate lighting, are free from glare, and are painted in colors that emphasize depth perception and highlight potential hazards.

Post signs in all hazardous areas.

All employees should be given pre-placement eye examinations.
Periodic follow-ups should be scheduled, particularly for workers over age 40.
Evaluation of Permanent Impairment
A permanent visual impairment is defined as a permanent loss of vision that remains after maximal improvement of the underlying conditions has been reached.

Measurement of both visual acuity and visual field are assessed.

Another important visual function is contrast sensitivity (the ability to detect larger objects of poor contrast).

Ocular Emergencies

Health and safety practitioners should be able to identify eye emergencies in order to immediately refer the individual for outside treatment.

The following symptoms or conditions constitute ocular emergencies:

a red, painful eye, with light sensitivity (with or without discharge)


sudden loss of vision


sudden onset of flashes of lights, floaters, or loss of peripheral vision that persists more than one hour


any ocular trauma or penetrating injury


chemical burns (rinse for 15 minutes while waiting for medical help)
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