- Every citizen, of course, shou

~ too, how : A
- -wealthiestpation in the world can
- of the Fed

" “Institute has een authorized and funded. A youthful, crea £
Jating and dis rning director with a background both i

" Jaboratory oph{halmology has ‘been” appointed.
and Drs. Marst
Sherman are anxious that it succeed. A strong Kdvisory Council is
- active; its scientifi members are_kr;owledgea e about the Federal
establishment. OphtRalmology has taken th L
that promises to ope exciting new vistas/and ensure that no indi- .}

is full potent

" powerful friendy in Coqgress'

vidual fails to a_chieve

COLOR YOUR CAR FOR SAFETY

- The coloring of a motor vehicle, especial
_ the rear-cnd, can have an important efféck
" upon its visibility. The coloring of a vehicle
can also serve other motorists as an/aid in
 Judging its size, distance, and relativé spced.
~ In studies conducted at UCLA, it was shown.
~ that the color of an ‘approaching auto defi-
nitely influences a driver’s judgment of how
far away the vehicle is. Of tht colors tested
on 164 subjccts, blue and ‘cllow made dis-
tant objects ‘seem closey/ in both daytime
and. nighttime conditjbns. Gray shades
made objects appc'a%rtﬁer away. .

Traffic Safety reports that the most eflec-
tive’ combination for the rear-end of a ve-
hicle would be Avhite or yellow- for a back-
ground and/diagonal ~stripes of black
against this'background.

Wheels, chassis, and irregularly shaped
underparts_may be highlighted by painting
such sections aluminum, which gives bright
reflections on small arcas and improves

* visibility. _ ' : -
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“group but of all visual scientists.and ophthalmologists, as well as
" -those inlerested in blindness everywhere. . R T »
’ ' n, of 1d be concerned about the- present
" rampaglpg inflation and its-relation to Federal spending. Increasing,. - =~ B
ver, is the cost of blindness and one must reflect if the”" .
t afford to spend less than 0.00000405 -

al-budget on blinding diseases. - - S

This, however, is not the moment for gloom: The Nati al Eye

- ritis. However, his symptoms persisted for

e, stimu- - .-
clinical and-
Institute has -
, Berliner, and

first step on a journey

ial bécause of poor vision.

FRANK W. NEWELL

BUTANE LIGHTER CAUSES EYE IRRITATION

A case of eye irritation causéd by a butane
cigarette lighter has been reported in a Letter 3
to the Editor of The Lancet. A healthy, |
~ middle-aged man complained of blurring of_i

vision in his left eye. After various tests were
ierformed, it was concluded that his blurred{
ision probably followed a retrobulbar neu-

andther 18 months. He was a moderaie.
r, and on one occasion, he noticed
vhen lighting a cigarette he tended to
_ X head over his gas cigarette lighter.
Occasionly, the butane gas would spray on
his eye. 1% subsequently took greater car¢
when lightiny his cigarette, avoiding bending }
over the lighter, and since then his symptoms
have almost tisappeared. Correspondent ¢
1. Hughes Halléyt concludes that it seemsi
possible that the\butane may have been!
sprayed on to the cqrnea giving rise to slight {
destruction or perhaps simple edema of the;

corneal epithelium which then passed off. *t

: diagnosis and treatment of disease .

“Wal

’ i .~ new tools and methods have been created fd;'_uqu»._ih i

£1.. some of these have harmful as we

[Radiation

Eifects on the Eve

Introduction

With the advance of modern science and
"echnology, new tools and methods have
been created for use in diagnosis and
reatment of diseases. Some of these have
tarmful as well as beneficial effects. Elec-
romagnetic radiation is within this cate-
sory of modern achievement and it ranges
itom wavelengths as short as X rays and
mmma (v) rays, through visible light to
microwaves and radio frequencies. ’

_ The purpose of this review is to focus
o five segments within this wide range

of radiation which pose special problems
in'the health field. Each of these five will
"% treated separately as follows: (a) Brief
‘background; (b) Uses in medicine, and
7otential biological hazards, especially as
“applied to the eye; (c) Radiation levels
“mesently considered harmless.
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The five types of radiation chosen for
discussion are those most widely used -
today in a multitude of ways in industry,
by the military, in scientific research; in
clinical application, and_indeed, by. the
general public.

These five spectral regions are:

1. lonizing radiation (X rays and v rays)
2. Ultraviolet radiation (UV) ‘
3. The visible spectrum including the
near infrared (JR) region ’
4. *“Far infrared” radiation
@ Microwaves and radio frequencies

However, before these 5 points are dis-
cussed in detail, mention should be made
of one feature that applies to all of
them-—radiation protection. 1t presents a
‘complex problem in all areas of electro-

- {si ~ %
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. Unfortunately, effective radia
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magnetic radiation and requires the co-
.operation of equipment manufacturers,

supervisory personn'e], and actual opera-

“tors of the equipment. Protective meas-
. ures sometimes must be extended to areas
. where such equipment is located. Many

regulations, standards, and guidelines
have been'made available through various .

agencies such as the American Medical .

Association, the Public Health Service,
the National Bureau of Standards (NBS),
the International Commission on Radi-

ological Protection and Measurements .

(ICRP), the National Committee on Ra-

diation Protection and Measurements .
(NCRP), various installations of the De-

partment of Defense, industrial laborato-
ries, etc. In most instances these agencies
have endeavored to provide authentic
information and not necessarily material -
1o be used for legislative purposes. How-
éver, many state and local authorities
have based their protection codes on this

informatior, €.8. NBS handbooks.

Strangely enough, different regulations -

and controls apply. even for similar types
of irradiation. For instance, in many
stales radium and X-ray. equipment are
under the direct control of the person in
charge, who is responsible for'the safety
of the actual workers, i.e., nursing staff,
technicians as well as patients, and of
anyone who has access to the radiation
area. Radioisotopes, on the other hand,
are very rigidly controlled by the Atomic

_Energy Commission (AEC), and all per-

sons using such materials must be li-
censed. Many federal, state, and private

institutions have their own radiation
‘safety controls, with personnel especially

trained in hazard evaluation and elimina-

o :: "Y;'ffjff-? ‘

ion protectibﬁprocédures "
" tion. Several states have already enacted

suit in due time. "~ °

" due to disregard of authoritatiye recom-

" concerning these health problems, has to {

1
4
3

. years after the discovery. However, little.
! iitention was given to these early warmn-

-

radiation protection laws, and the re-
maining states will undoubtedly follow

i . o " 1 injuries. T
Unfortunately, effective radiation pro-;
tection procedures have not been univer- ; 1 ould also cause damage 10 bloodforming
sally adopted. Even today, many medical { |yroans, malignancies, reduced fertility
and 1nfiustr1a1 r_achatxon users s__nll_l Teceive | 1ind life span, and even \
excessive eXposures. Usually this is not % i

which could affect future generations.
When the Curies discovered radium in

]
- : .l i3 ) :
mendations but to insufficient under- | 31898, another source of penetrating rays
| .

standing of the protection problem.

The most effc_:;tual aspect in radiation ! i,ple and within
. . SRR S ns caused much
workers in the spegﬁc ﬁelds‘an_d environ- - *jpe same tissue damage a
ments. The general public, however, , 2 radioactive material disintegrates it may
unaware and often not knowledgeable Egive off alpha () or beta (8) corpuscular

v -2 1 } fradiation and electromagnetic radiations
be protected by strict enforcement, either g %calle d called ~ rays Gamma rays and

by law or such scientific recommenda- ¢ }x rays of the same frequency react in
tions which would impose severe legal :

!
implications on manufacturers and users_i
as well, if they do not abide by such E
vl

}

-~

rays have a much shorter range in tissue
than the penetrating X and v 1ays, but if
materials emitting these rays are depos-
ited inside the body, they can do irrepar-
able harm. This fact was first recognized
‘more than 30 years ago when some ra-

L A—

reconmendations. .
Whether we arc,concemed with X or
v rays, UV, visible light, lasers, infrared, |
or microwaves, an eye-protection and
" . . . . (g ‘ . . > :
hazard-control program 13 of prime 1M~ ) " 4iym watch dial painters died as a result

portance, since the eye is often the most : of ingesting small amounts of 1@ dium-

vulnerable organ in the body. . . activated luminous materials by pointing

" iheir brushes with their lips. .

© With the development of nuclear en-
ergy and the production of radioisotopes,

. lhe number of radioactive materials has

PR

Ionizing Radiation

X rays, discovered accidentally by W. C.
Roentgen in 1895 as he was experimenting
in his laboratory with an exhausted vac-
wum tube, literally began a new era in
diagnostic and therapeutic medicine and
made possible the use of these new radia-
tion properties in many other fields. But

b}

,importance, since the eye’

it soon became apparent that very severe ¢ is often the most vulnerable organ in thev'_body'
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ide effects could 'Be_ -g:qu'sed by‘ X rays. . ‘; -_-‘incxeés;ed by millions,

L A L . i Reports of skin cancer due 10 overexpo- -
S have not been umversally adopted %"‘sure to. X rays appeared within a few -
i

i ings, and many ‘of the first radiation
t workers received painful and even fatal -
t was soon obvious that pro-
fonged exposure to ionizing radiation ’

genetic changes .

 rom radioactive materials became avail- -

_ 5 O ith the education of | a short time it was
protection remains with the © ucation of | }j.armed that these ra diatio

s X rays. When.

the same way. Alpha () and beta (8)

... an eye-protection and hazard-co

problem expanded.considerably.

Radiosotopes are, in part, the result.of

and the protection " e

man’s ability to make upstable atoms out. -

of stable atoms by bombarding their = "<
puclei with the ‘“‘atom ‘sm:_ashe‘rs.” By this ~

‘bombardment the centers of the stable .

atoms become heavier and out of balance © - -

~because of the addition of ‘one or more
new particles. To returni to stability the
unstable atoms throw off the extra mass
in the form of invisible particles (« and £
particles and neutrons) and v rays. Neu-
trons are electrically neutral particles
which, like v rays, are extremely pene-.
trating and can travel long distances.

f

Radioisotopes, however, are not being

given major consideration in this paper,
although modern radiation centers do-
employ gamma emitters such as Radium-
226, Gold-198, Cobalt-60, lodine-131,
and others, along with orthovoltage and
megavoltage X-ray machines, in cancer
therapy. Industry and the. military also
use many of these emitters of penetrating
gamma Tays. Therefore X and v radia-
tion may be considered as the same for
purposes of this report. T
" Even in our daily lives ionizing radia-
tion plays a certain role, for example, in
" the pasteurization Of sterilization of food
and other products, gauging the thickness
of materials and levels of fluids, iracing
processes in living and nonliving things,
and the production of heat for generating
electric power. Everyone is aware of the
nuclear powered submarine and surface
ships, but not as well known may be the

ntrol program is of prime
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“fact that nucléar batteries have iong been-

‘used to power unmanned weather stations

which automatically rccdrd-and transmit.

weather data from the ‘vicinity of the

. North and South Poles. Radioisotopic

- devices have been used extensively in the
- space program and some day may be
needed to supply the long-lasting sources
of electricity _during‘manned space flight.
Already, since time began, man has been
_ exposed-to natural or background irradi-

ation from radioactive elemerits, such as
“uranium, thorium, radium, and other
-sources which are everywhere in the

earth. Cosmic rays (high-energy particles

from outer space) are part of this natural '

radiation though these tend to be stopped
by the earth’s atmosphere. The ‘total

- accumulated dose to age 50 froni external

- radiation including cosmic rays, local
gamma emitters, radon in the air, etc.
and internal radiation including Potas-
sium-40, Carbon-14, etc. is less than 5
~rem (roentgen equivalent ma,n)*.‘ ‘

- Today X rays, v rays, etc., have as -

wide a range of application as the electro-
magnetic spectrum itself. They are used
to examine and authenticate old paintings

reported to be the work of the famous:

masters and to check corcrete structures

of modern design for s

where ionizing radiation has not been
applied to obtain- more_ perfect results.

Industrial and other nonmedical use of |

radiation, e.g., _X-ray_installatioris, pre-
sent great hazards in their applications
for many reasons: (a) some of the X-ray
equipment is automatic and operates con-

tinuously during working hours, (b).

* A remis the quantity of any ionizing radiation

which has the same biological effectiveness as one
roentgen of high penetration X rays. .

) _wotkers may not

" ‘'machine.
_ perable to ionizing radiation. In fact, the

_Title 10, part 20, of the “Standards for

-~ forming organs, lens of the eye, and the

‘ply and surroupded only by agueous andj
- yitreous humors; both, optically trans-,

“structures andfor changes in the living:

trength and ab- -
sence of engineering faults. We will find -
few areas of art, technology, and science -

.

be biologically oriented
nor havé been made aware of the effecty

of radiation on living: cells within the'.'pur;ioées‘ of comparison.

body, and (c) the objects being irradiated;

can vary from a small particle to a giant

L kitadth

1 oiis changes.

to limits which may be unacceptable for -

four classical points, on¢ might state that

cataractous changes are: (1) The most. :

‘ninute and subtle changes in the crystal- -

“The biological system is éépécially vul-{iine lens, recognized by the examiner,

Atomic. Energy Commission (AEQ), in

i

Protection Against Radiation,” based its
exposure limits on whole-body radiation,

‘whetber or not they interfere with vision.

Admittedly, the term “cataract” for such
minute changes is not a very good one
and may lead to misinterpretation if not -

more closely defined. (2) Lens changes

exposure to head and trunk, active blbod-;é.“'hkh are obvious to any. qualified oph-

) i
reproductive organs. .
The crystalline lens, without blood sup-

parent media, presents a unique meétab-

{{halmologist but which do not severely

interfere with visual acuity. (3) Lens
changes which reduce visual acuity, but
are by no means in the category of
mature “cataracts” (though one depends
here on the clinical- judgment of the

olic situation. Therefore, it lends itself to;’
in vivo observations and has served in}
many experimental studies in research,
laboratories. Since modern optical in-;
struments allow easy observation of tissue

eye, it is obvious that the lens in the hu-
man and experiméntal animal eye is an &
priori model to study biological effects of:
X rays.and other types of radiation in an,
almost classical environment, i.e., in its.
natural unaltered setting without experi-;
mental artifacts. ' . ;

There is, however, a great discrepancy
in the amounts of doses necessary to pro-
duce lens changes in various species. In
the rabbit the “cataractous’” dose Tevel is
25R (roentgens), in comparison to the.
wecataractous” dose level of 250-500R re-
quired for the human eye. Although the

gxaminer in interpreting changes ob-
served in_animal eyes and correlating’

{them with possible deterioration of vision -

in man). (4) Mature cataracts, where the
lens is milky white and vision is reduced
to light projection only. R
As crude as this four-step classification
may be, at least it will offer some kind
of basis for comparison of effects. While
these effects are_gasily ascertained in ani-
mal experimentation, a parallel in human
eyes is, of course, not possible because of '

‘lihe absence of. well-controlled experi- -

mental conditions. Accidental exposures
suffered by humans usually lack the exact

ditions at the time of exposure.
Even in the exhaustive and elaborate
studies of Cogan and Dreisler’ in 1953

biochemical characteristics of the lens inj
these two species are not significantly
different, precise definition and meticw
lous care are required in choosing proper;
«nomenclature” in reference to “‘catarac-

WINTER 19691970

and Merriam and Focht? in 1957, we are

.._._thérapeutic effects should be carefully wéighéd
. - - against the damage W
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» The definition is féonﬁ,ned;i -
_ * lenticular changes. an
To illustrate -

physical backup, since dosimetry canonly '
be reconstructed from estimates of con- -

of exposure: -~

In a three-year study of rabbit, monkey, 7
and human lens epithelium in cell culture; - .
. comparison of these species-specific cells ..
did not show any behavioral function
~ differences, morphological characteriza- .- -
etc. The electro- . ..
phoretic species specificities ‘were - stillr -

tion, - mnitotic index,

déaling with the problem of dcﬁmtxons of .’
d related estimates.
‘of dose levels reaching the eye at the time: " .

present after the cells were subcultured .
more than 15 times, though there Were:
some boundary changes in the three spe-

cies over this period of time. This may
lead to the supposition that the X- and

~v-ray dose injurious to lens epithelium :
may be unrelated to the species. exposed
and that the discrepancies. Qbserved could

methods.

- be due to different in vivo observation

However, we cannot exclude the pos- -
sibility that there may be a tru¢ difference
in threshold values for lens changes in

various $pecies in vivo, even though we .

cannot confirm this readily in vitro stu-
dies. But if there is a true difference, the

questionis“Wby?”-—-forthe metabolism, .~

the topographic location, the physiologi-

cal properties, etc., of the crystalline lens -

are probably more similar among differ- °

‘ent species than are other biological -

structures. Besides the difference in dose

' required fo produce lens changes in vari-
_ous species, the Jatent period between

time of irradiation exposure and detect-
able manifestations  in vivo can vary
enormously. Latency periods of ten and
more years have been reported for the

human eye, while latencies for biomicro- -

.

hich could resul_ti
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'+ “scopic observable lens changes in rabbit
| eyes never exceeded one year in our own -
" ‘experiments. One may wonder whether -

the life span of the individual species has.

“any influence on: this Tather peculiar
"~ phenomenon. This-is-only a speculation
without any scientific basis since metab-
 olic mechanisms in these species and lifé
‘span (i.e., a factor of about 12), can not -

be based on a common denominator.
Hence ziny"dis_cus_sions along this line of
reasoning is not scientifically acceptable.

More controlled and meticulous stud-
ies on human eye exposure using refined

. dosimetry at the timé of radiation expo-

sure are presently under way and hope-

- fully will shed ‘some light on these
unanswered questions. U
It should, of course, be understood that,

faced with malignancies of the head and
neck in man, one may feel that risking
radiation cataract is justified, since a
patient’s life could be at stake. In cases

L where radiation -treatment is used for
benign ocular conditions, however, the -
possibility of radiation cataract should’ '

certainly be kept in mind and the thera-
peutic effects should be carefully weighed'
against the damage which could result.

There are special requirements for

shiclding radiation workers from age 18
(the carliest legal age for working with

radiation), exposed to X-ray emitting -

¢quipment. The maximal accumulative
dose has been set at 5 rem per year, or

" 100 mrem per week, based on a 40-hour

week (ICRP, 1955). For the general pub-

~ lic the recommended dose is 109, of this

(NCRP, 1957). Though these data are
not generaily known to the public and are
probably meaningless to them anyway,

'the public has becomed alarmed about

the possibility> of dangerous radiation

from television. reccivers. TV receivers

exceed 0.5 mrems/hour at 5-cm distance

:.fr'o'rh' any outér surface of the instrument.
This is a dose well below that which is |-
considered potentially injurious under ¥
normal operating conditions. - L

'Ultraviolet and Visible Rédiatjon :

Ultraviolet : Although the effects of UV-

"radiation on eyes and skin have been
known for ages, scientific explanations of '
its interference with biological systems
. are an achievement of our century. Prob-

ably the most accurate information’ was
furnished in 1969 by Pitts and his col-

~ leagues.? An extensive literature review
of electromagnetic radiation prior to the ¢

year 1916 was published by Verhoeff,
Bell, and Walker.4 C
Effects of UV-radiation on the eye have

. raised many, questions in regard to the
typical abiotic effects of specific wave |

bands within this range of the electro-
magnetic spectrum. Tnadequate intensities

of narrow band sources and the lack of |
physical equipment suitable for accural¢ |

dosimetry have pyeven_ted correlation of

. biologic effects and energy levels produc-
- ing them. : ‘

Harmful effects on the eyes primarily
involve the cornea by producing a very
painful photophthalmia. "Objective find-
ings include excessive lacrimation, irrita-
tion and congestion of the conjunctivas,
punctate staining of the cornea due to
epithelial defects, and ciliary spasm.
These symptoms’usually become appar-
ent after a latency period of from 6 to
12 hours following exposure to UV-
radiation. This latency period is variable

in both directions and.it is related to thety
degree of exposure. The most common il
cause is probably negligence, i.e., failure §

" WINTER 1969-1970

' may e'_}nrit ‘_som.eX rays; but the NCRP
" regulation requirés that levels. must not’

Py
3
b

Excessive exposure to sun reflection at

fields, will produce the same symptoms.

* Photochemical denaturation and coagu- -

lation of protein structures are the basic

. mechanisms of cell damage. Nucleopro- ’

; teins are particularly susceptible with
" maximal sensitivity at a.wavelength of
lambda () 2650 A, while the proteins of
cytoplasm are maximally sensitive at X

-

2800 A, The human cornea is highly.

" sensitive at X 2880 A. Cogan and Kinsey,*

. who used a high pressure mercury quartz -

* lamp as a source of radiation, presented
. 0.15 X 106 ergs/cm? as the critical value
. for damages to the rabbit cornea at the
wavelength A 2880 A. Injuries to the
_cornea consist mainly of decreased mito-
sis, nuclear f; ragmentation, and loosening
" of the epithelium. In medicine, UV-light

is mostly used to sterilize instruments,
_operating theaters, and intensive care

units, where personnel and patients may
"be exposed to this light continuously or
« for variable prolonged periods of time.

"The American Medical Association®
1 recommends that for the primarily used

i wavelength ) 2537 A exposures should
. not exceed 0.5 Wfcm? for periods of

" seven hours or less, nor 0.1 W/cmz'in the
‘case of continuous exposure. The in-
;crease of ozone concentration in areas
' where UV lamps are in use may represent
! an additional health hazard which must
. be eliminated by adequate ventilation of

such areas. With the realization of space

: flight, protective devices had to be de-
, signed to provide adequate protection.

' for the astronauts primarily against cor-
i neal injuries (see page 197). Recent and
well-documented investigations conducted

. THE" SIGHT-SAVING REVIEW

to 4wéar”p1_'ot¢(-:ti‘ve goggles when handﬁng
industrial welding equipment and when -
_ using artificial sunlamps in the home.

the seashore, in the desert, or from snow

M‘-A‘;‘ -a.;»r, v
'tﬁ.é‘g.wm},&-;&ﬁ’t-‘-\

by Pitts'and colleagues have greatly con-
_ tributed toward better understandingand " -

"more meaningful interpretation of the
interaction between this electromagnetic” -

range of the spectrum and biological sys-

tems. The complex research conducted by -

these investigators has furnished funda-:

mental data for the production Qf'_ photo- .~
" ophthalmia in the rabbit eye. The authors -

mention 0.054 X 10¢ ergs/cm?.as a criti-
cal maximum for A 2700 A. A value of

0.998 X 10+ ergsfcm? was indicated for,
the wavelength range A 2100-3100 A, -

while 0.900 X 10¢ ergs/cm? was given for

‘the wide band of » 2550-3750 A. It.
should be mentioned here that Verhoefl "~
" and colleagues cite in their earlier men-
tioned paper 2.0 X 10¢ ergsfcm? as the
critical value for potential damage to the -
_eye, covering the entire UV range. '

The corneal absorption data reporte
by Bachem? deserve attention. At first
glance these data would appear not to
be in agreement with our own findings;®
in reality, however, this is not the case,
when experimental conditions and pur-
pose of the investigations are compared.

In order to protect the eye against

“overexposure to UV-radiation, conscien-
tious use of protective gear recommended -

for this ‘purpose should be adequate.
More sophisticated measures will be re-

‘quired only in situations as they may -

develop in the course of future space
explorations and more widespread usage
of laser techniques. .

Visible light: The review by Verhoefl,

‘Bell, and Walker® in 1916 is a classical - -

paper on the impact of high intensity
light on visual performance. They stated
that “no actual artificial illuminant can
fairly be considered dangerous from the
standpoint of thermic action on-the ret--

‘ina”—certainly a most remarkable state=" "™
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Harmful effects on the eyes pnmanly EIRAE e
L mvolve the cornea by producmg a very pamful photo-ophthalmla
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. ment and absonutcly true at the time it
"was written. As in other fields, however,
technical deve]opments have shown that

man is not satisfied. with facts as they

_ present themselves, but rather will even-.
- tually find ways to overcome nature.

The Sun

ln_)unes to the eyes due to observing

eclipses of the sun have been known
since earliest hlsto‘ry We find reports of

such injuries in works dating back as far’

as Hippocrates {460-370 BC) and even
Plato’s Phaedo (427-347 BC) mentions
cases of echpse blindness during his time.
Subsequently we find sporadic references
throughout the centuries. Higher inci-

dence rates are found during periods '

when 'this natural phenomenon occurred

more often. Many such occurrences from -
. the years 1911 and 1912 were mentioned
" by Birch- Hirschfeld, while other authors

refer to such mJurles within the last
decade.: '

Normally, the intense and brxght sun-
lnght causes maximal constriction of the
pupil thus, reducing the energy density
on the retina. The bright sunlight further-
more, causes painful photophobia which
will not permit prolonged direct and fixed

“observation of the sun. The lid reflex
(approximately 150 msec) is another

mechanism to protect the eye. The con-

tinuous action of these measures would -
~ be adequate under normal conditions to

avoid burn injuries to the retina.
Some important physical factors are

changed when one observes an eclipse of -

the sun. The retinal image diameter of
the sun of about 158 remains the same

for the human eye. The pupil diameter

- 188

. however,. is usually greater due to the -4
" partial obscuration of the sun itself by }+
.. the moon, and by the use of attenuation
‘filters, thus, decreasmg the light intensity
~entering the eye. However, frequently |
“ such filters are inadequate and observa-

tion times are greatly extended since
there is practically no discomfort while
observmg this 'fascmatmg natural phe: }*
nomenon.

Energy levels entering the eye at vari- b

ous puplllary diameters have been calcu-
Jated- which may result in temporary or
permanent visual unpalrment For a pu-
pillary diameter of 3 mm the epergy
density (or intensity of electromagnetic
radiation) entering the eye was calculated
to be 5.1 mW/cm2,* for a 5-mm pupillary

diameter this value is 14.1 mW/cm?, and }.-

36.5 mW/em?, respectively for an 8-mm

diameter, assuming an irradiance of 71.7 ¢

mW/cm? at sea level. The second and
third values are certainly within a range
capable of producing retinal burns even
in the presence of lightly pigmented ocu-
lar fundi. Corresponding values at an
altitude of 100,000 feet (with anirradiance
of 107 mW/cm?) would be 7.6, 21, and
54 mW entering the eye for the three
pupl.lary sizes respectively (A. M. Clarke,
personal communication). These calcula- }.
tions clearly indicate the dangers involved

‘in direct observation of a sun eclipse

without adequate and scientifically rec-
ommended protective devices. Viewing a
recording of the event on TV is undoubt-
edly the safest way to avord the potential
dangers.

* This is a unit of power density used in measuring

' 5; White Lxght

‘Sources of white light have become more
- powerful and their energy output has
:increased greatly due to growing demands
_by various fields such-as modern com-
;mumcatlon systems, wide-screen motion
picture pro;ectors, high-speed copy ma-
-chines, lamps for lighthouse operation,
searchlight, photo flashlamps, etc. In
,spite of the fact that all this equipment
. has a ‘useful function, there is increasing

concem as to potential health hazards,

‘longed or repeated’ exposures may have
2 cumulatrve effect.
, Theeye, being a delicate optical system,

the visible and near infrared range of the

_bright source is focused on the retina and

.image sizes greater than the diffraction
limit; a point emphasized first by Buett-
ner and Roset0'in their paper on ocular

light” sources, which will cause retinal in-
]ury, have been obtained experimentally
" over many years. Since ‘these values are
_considered equal, or near equal, to those
found after expasure to continuous wave
(CVV) lasers emitting within the visible
spectrum they are considered in the sec-
non on Laser,

Some bnght-hght sources have found
" useful application in medicine. Attempts
,‘ to treat certain types of retinal diseases
‘with light coagulation, in order to avoid

a way for treating previously untreatable
ocular diseases, were made for many dec-
ades by using as a light source the sun

the amount of power per area of absorbing surfaoe
(milliwatt/cm?).- )
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jcomplex surgical procedures and to open
, 1tse1f carbon arcs, army searchhghts, etc.
ﬂ

THE 'SIGHT-SAVING REVIEW

All these eﬂ'orts however, were cumber- e

. geon under, extensive stress. .

_ designed for-use in motion-picture pro- -

"‘experimentation, development, ‘and dedi-

‘more particularly whether or not .pro~'

is highly susceptible to injuries caused by
* Zeiss Optical Company. Subsequently,

, spectrum. Light entering the eye froma
cessfully to treat similar pathologlcal

therefore, the thermal irradiance is inde- -
- pendent of the inverse square law for

hazard from atomic fire balls. Threshold.
_values for energies denvmg from *‘white -

some and p]aced both patnent and suf-:’ :

The Xenon 2001 hlgh-pressure lamp ST
(Osram) manufactured in Germany and - RS
jectors. and in lighthouses, finally pro-
vided energy sufficient to permit ‘light .
coagulation of the retina to become a
routine therapeutrc procedure. Years -of

cation culminated at last in an instrument
which met all the requirements of oph-
thalmic surgical routine. This pioneering
work was done by Meyer-Schwickerath,
at that time a young ophthalmologist at_ .~
Bonn University and Littmann of -the

laser sources have been used quite. suc- ~

conditions of the eye.

This Xenon hlgh-pressure lamp men-
tioned above emits rays in the near infra-
red as well, a feature less desired, since
this pomon of the spectrum is strongly
absorbed by the ocular media. Though
these. wavelengths can be easily removed
by. filters, the commercially available in=
strument has not incorporated this pro-
tective means. It should be stated, how-
ever, that no. ill effects under proper |
operating conditions have been reported
over the last 114 decades of operation. .

Since infrared has been mentioned, 2
word should be said regarding the effects .
of chronic exposure to IR-radiation.
Glass-blowers ‘and steel-puddlers have
been reported to develop cataractous lens. ‘
changes—hence the- term “glassblower

- cataract.” There are two typical changes,

i.e., initial posterior cortical opacities and

secondly exfoliation of the anterior lens

capsule. Since the Tens lacks heat dissi- -
pating mechamsms, such as c1rculatmg o .

o s - ".189'




b]ood the heat generated by absorpuon- “ 'Las
" of IR- rays in-the adjacent pigment. cells -~

of the iris and eonducled into the lens,
-raises the temperature in the lens. Exfoli-

- ation of the lens capsule is, therefore,

attributed to such prolonged. temperature

‘elevation. Many years of exposure to.
" IR-radiation are required, however, to

" produce such changes in the crystalline

- lens. The only protection against such

injuries’ would be either complete. ‘auto-
mation ‘or thé use of goggles equipped

with IR-absorbing filters. Complete auto-

mation is not feasible as yet, but the use

of goggles, though inconvenient to the

wearer under the already uncomfortable

working conditions, is mandatory for

steel-puddlers working close to the pots.

Glass-blowers usually adhere to this

practice. Z '

snmulated emission was proposed by
" Albert Emstem in 1917. 1. Schawlow and
'C. D. Townes suggested in 1958 that
-optical maser action should ‘be possible

" and Maiman achieved the first working

pulsed ruby device in 1959 in this coun-
try, while parallel work proceeded in
; Russra Townes, in the United States and
V. N. Prokhorov and A. N. Basov in the -
U.S.S.R. were rewarded for their accom-

plishments with the Nobel Prrze in |’

physics.

The mstantaneous power levels avail- }
able were so hrg_h as to give rise to specu- |

lation of many unique effects, and sparked |* laser has been found in the areas of sur-

ot v i cientific meet- |* .
he conversation at many scient veying, micro-machining and welding; "~ -

" ings for some time. The mechanism of

1o -
>N :
[ XBO 2001
3 Xenon
2 High Pressure Lamp
E {spectral emission)
b S
S
E : =7 “~ Emission. with
N N ———
< L___ sec. harmonics Sc_hgt_t_}_(ﬁ]_]{inﬂe_r___
lI.JIO . . ’
@ Ar YAG He-Ne R . Nd YAG
485\159 532 ssz.\e‘ 5/943 1068 |/c>54
E— |
: VISIBLE SPECTRUM -
uv Blue Green ) Yellow, Red INF.RARE.D
dork—light Qrangglprighwdoru
T T L T T T~ T : T
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WAVE LENGTH (nm) ' ‘
Figure 1. Spectral posmon of hght emitted from various lasér sources in companson with emission

characteristics of a Xenon high-pressure hght source.
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One of the rnagniﬁeent.aehievements of ¥
. the past decade is the laser. The idea of.

T el

T T _},mww TR B

PRI

calculatrons cIearly mdlcate

the dangers mvolved in direct- observatron of a sun echpse w1thout =
adequate and screntrﬁcally recommended protecnve devrces

energy generation results in an emission. " -
of exceptionally uniform. wavelengths, -

with a bandwidth of infinitesimal size—a
fraction of an angstrom unit. Various
materials have been found which thraogh

proper choice allow one to achieve stimu-

lated emission at distinct wavelengths
throughout the visible, néar-UV, and
far-IR  spectrum. Output ranges from

single pulses as short as 102 second to

continuous. Practical utilization for the

communications, and three-dimensional

direct imaging or holography among oth-_
ers. A recent use of laser in space was the
. well publicized lunar experiment in the

Apollo series. See Figure 1. -

But here also, due to the enormous
variety ‘of energy levels, wavelengths,
exposure times, etc., safety criteria poli-

- cies and laws designed to cope with these '
~ problems have assumed an important rele

and controversies have arisen as to find-
ing ways toward the safe handling of this
new invention. Excessively rigid applica-
tion of such measures or restrictions of

practical use of these new sources of -

electromagnetic’ radiation may severely
limit the tremendous potential of these
sources and their use for further scientific
and industrial progress. It will be neces-
sary to protect vast numbers of industrial
emp]oyees, military. personnel, and oth-
ers, against exposure levels not as yet
evaluated in full detail regarding single
time exposures, or prolonged exposure at
relatlvely low energy ]evels

THE SIGHT-SAVING REVIEW.

3

Although retmal injuries caused by‘~
thermal effects due to light absorption by: -

the retinal prgment epithelium may . be

" considered fairly conclusive, photochemi-.
- cal effects, i.e,, interaction of light ‘with -
visual prgments in photoreceptors under ..
those conditions, or in other .words,.
photochemical damage is not fully under- -~
- stood and requires extensive investiga-

tion. Nonlinear effects including acoustic
transients, shock waves, re-radiation, and

- second-order absorption caused by ex-

tremely high-power levels of giant-pulsed

or g-switched lasers are capable of pro-

ducing severe damage, other than ther-
mal, to biological systems.

Up to now the use of laser beams for -
therapeutic applications has not reached .

a significant degree. Some achievements

were made in dermatology mainly in’

treatment of portwine lesions and re-

‘moval of tattoos. In cancer therapy use
of the laser has been. unrewarding except.
in the eradication of certain extensive
-multiple skin malignancies; however, the
success in this area does not as yet sur- -

pass that obtained by conventional ther-
apy. In dentistry, prevention or treatment
of caries with laser is still in the experi-
mental stage. Ophthalmology is probably
today’s only medical specialty where laser
beams have become a routine therapeutic
tool for a variety of eye diseases. The

“constantly- incre_asing’ number of wave-

lengths and increased power output will

enable us eventually to select particular

spectral regions and exposure times to
meet” individual requirements. As an
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mology is .prob'é.blsl today’sonly 4~,‘;‘ O
ty where laser beams have
for a variety of

principal emission in the’
e spectrum. This spec-
ticularly suitable for
ar lesions of the retina
rption characteyistics,
der intense clinical -

search on the use of laser -
aramount importance .

herapeutic medicine may

‘values for retinal injury
ely of the same order of
for CW lasérs which

This does not pertain to
n the near-IR

(» 1064.0 nm) lasers be-
arked difference in the
ies. of the eye in this

ugh the visible region,
d by the ruby laser
by the retinal

he wavelength produced by-
1060.0 nm). These

avelength by the
higher degree of
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3 = . . green portion of th
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—— { light” threshold
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" 100 ) 75::/:1:LUESI o las§rs producing light i
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K 80 Ey Ve S == ol cause of the m
§7o ' _;{"’ o8 - o) : ? spectral propert
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. § H N : +} absorption thro
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B ] Qo . Y
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Hh IRNS | ‘1 pigment epithelium 5.10 times more effi-
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: : elium1 (see Figures 2 and 3). -

eye diseases.

become a'T

At present special commitiees and- ..
. other agencies‘conqerhed-with ocular pro- ..
tection consider various. maximal -per- "
_missible exposure levels. The following .
values, however, are widely used and it -
is assumed that these data are conserva- ’
tive without being excessively restrictive,
at Jeast until more definitive rgcdmmen-

- dations become available.. -
Suggested exposure Jevels are -10-¢
W/cmz for continuous wave (CW) lasers”

~ emitting light within the _visib]e_ range;
10-5 Jjcm2* for long pulses (v sec-msec
ranges; 10-¢ Jjcm? for g-switched pulses
(nano second ranges) (see Figure 4).
Acceptable values for CO, laser are men-
tioned in the discussion of eflects of
far-IR radiation on the eye. e
There are, however, other points 1o be
considered not necessarily due to laser
radiation effects, but rather caused by
exposure to support systems, €.8., explo-

" sive gases, leakage of compressed toxic
gases, injuries from electrical shock due
“to the need for high-voltage power sup-
plies, etc. All of these are potential health
_hazards and must be properly guarded

and shielded to minimize the danger of -
accidents. o ’

“Far Infrared” Radiation

Radiation cffects from this particulaf
“range of the spectrum on the eye ‘have

* Unit of energy density for-. predicting damage
potential of 2 Jaser beam (Joulefcm?). o
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| become 2 matter of concern since the
b CO:-laser was developed. This CW. gas
| laser is capable of reaching excepliona]ly
 high power levels—sufficient 10 melt even
| firebrick. Since its wavelength (\ 10.64)
is absorbed by media transparent for
| \vavelengths within the visible range, the
cornea is particularly vulnerable. The

ifirst 104 of tissue absorb about 67% of

the energy. For ré]ative]y low energy

levels, requiring extended exposure times

0 produce injuries, the blink reflex (ap-
proximately 150 msec) may be sufficient
rotection, as the thermal effect on the
orneal epithelium would elicjt this reflex
pechanism. Exposure times shorter than
he blink reflex may produce severe cor-
eal damage when high energy levels are
volved. Such damage may range from .
eversible superficial injuries of the €epi-
ielium to permanent corneal opacities,
prneal ulcers, corneal perforation, and

4

R MINIMAL OPHTHAL
" RETINAL LESIONS.
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se minimal ophthalmoscopically observable lesions,

. Many stages of development finally can

_PMicrowaves .

® WHITE LGHT =~ . -
' Wovelengths <950mu -
©-LASER PYLSES
Wavelength 694.3Amp
- Imoge sze 800 microns. . -

Jistinguished names connected with elec-

7ange of 10~2-10° cmi. Their studies dur-
-1ing the second half of the 19th century

i achievements in the fields of micro-
;'\vavé systems, radar, radio, and television
‘networks. ' —
3 The rapid development and the expan-
sion’ of industrial and military use of
‘microwave generating equipment, as well
35 installation of microwave ovens ‘in

I schools, etc., have increased the concern
glrega_rdihg the effect of this particular

i Possible harmful effects on the human.
{.body came initially to mind during World
_ { War 1I in connection with exposure of
damages of irjs and lens, ie., a possible é-_':radar personnel. However, only a few
loss of the eye. The mechanism of this | cases of overexposure with resulting in-
1armful effect js strictly heat-induced E“:ju_ries becam¢ known. o
denaturation and’ coagulation of cejl |- Tissue penetration by microwaves is
proteins caused by absorption of such ; wavelength related ar__ld there are.varia_ble
- radiation, o : possible effects on the eye. For instarce,
Due to the enormous energies it js i sur_face'layers_ of bio]ogical material will
capable ofproducing’ this laser has found : @3bsorb microwaves with wavelengths
widespread industrial ang military appli. |, Vithin the millimeter range. At a wave-
cation. For medical use the potentials of;;”e"gth of 3cm a maximal temperature rise

- this laser became soon apparent in micro- ;{0CCurs in the anterior chamber of the eye

. Surgery, where it served as a precision 1.¢lose to the cornea, and overexposure

cutting tool, permitting refinement of : may produce injurie§. For 2 6-cm wave-
techniques and increasing accuracy along ,ength we find a maximal rise in tempera-
with the Ppossibility of “bloodless syr- /{ture in the anterior cortex of the lens,

gery.” Further perfection of this laser has [ while for a wavelength of 12.5 cm these
made it a surgjcal instrument which after ' '

be recognized as g valuable adjunct in
medicine. Its practical use js sti]] being
explored. At ‘this time exposure levels
below 0.] mW/cm? are considered safe.

e
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j!a_me_s Clerk Maxwell and Hertz Hein'ri.éh E
Rudolf (1857-1894) are the two most-

- - promagnetic 'radiation in the “spectral’

have provided the foundations for mod-

Eprivate  homes, restaurants, hospitals,

“11ype of radiation on biological systems,

- high ‘temp'ergfures 'develbp in the pos:

‘terior portion of the lens or in the adja- .
. cent vitreous. Initial lens changes are -
observed in areas with maximal absorp- [
‘tion, i.e., where high temperatures exist. . = - -
Exposure time and power density, in -~ - -
addition. to the wavelength character- -
istics, are other factors responsible for -

preducing biological damage, Overexpo-

sure to microwaves produces in man, in -
addition to cataracts and iritis, vascu-
litis, temporary sterility of males, blood -
changes, and neurological disturbances. -
In the Russian literature mention is made
of behavioral changes with fatigue and o
nervousness in persons subjected to pro-

longed microwave exposure; -it would
appear that these changes could be con-
firmed in animal studies. On the basis of

present knowledge regarding acceptable -
- temperature increases in body tissues, the
- Suggested safety standard in the US. is
I0mW/cm2 as averaged over any possible -

0.1 hour period and a frequency range of
10 megahertz (MHz) to '100 gigahertz

- (GHz); i.e., power density of 10 mW/cm?

for periods of C.1 hour or more; energy
density of 1 mW hr/emz during any 0.1
hour period.12 The U.S.S.R. standard:3
13 0.0 mW/cmz. Later Russian publica-

“tions give maximal acceptable power den-

sities of 0.1 mW/cm? for exposure times
of up to two hours, and 1.0 mW/cm? for
not imore than 20 minutes. The United
States Standard of 10 mW/cm? was ac.
cepted upon recommendations by Schwan
and Li'¢, who based this recommenda-

tion on minimal detectable biological

'Overexposure to microwaves produces in man - L
A in addition, to cataracts and iritis, vasculitis, temporary
sterility of males, blood changes, and neurological disturbances} _
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" effects on the eyé and testes in animals for .-
~a power density of about 100 mW/cm?;
hence, a safety factor of 10.was applied . .. - -

for maximum acceptable exposure. -

Due to the steadily increasing number . T

of microwave ovens sold- in recent years

it was recommended that maximal per- "
missible radiation should not exceed 10

mW/cm? at a distance greater-than 5 cm -

 from the door seals.’® “The public is
- forced at present to rely on the diligence

of the manufacturers in checking their
products for excessive radiation leakage

‘and installation of safety cutoffs prevent-

ing operation of the oven unless the doors

" are properly closed. Dosimetry standardi-

zation, particularly with regard to equip-
ment in the field, presents significant
physical difficulties. A recent survey, con-
ducted by a group of agencies, showed
that 229, of a total of 494 units which
were checked, emitted radiation levels in
excess of the recommended 10 mW/cm2
under nofmal operating conditions.’s
Research regarding biological effects is

urgently needed to develop adequate pro- .
" tection without unnecessary interference

with the future development of the prac-
tical uses of this electromégnetic radia-
tion. Biological criteria of this type are
difficult to establish due 1o our lack of
knowledge of harmful end points and their
definition in relation to the wide range of
frequencies. In many fields of animal
experimentation, extrapolation of data
obtained in such experiments to human
conditions poses another problem which

should be handled with caution, because
of the frequency-related tissue penetraticn.
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NATIONAL VOLUNTARY HEALTH CONFERENCE

The Third National.\/olumary Health Con-
ference will be held May 7-8, 1970 in Wash-
ington, D. C. at the Statler-Hilton Hotel.

This is a national leadership conference to.

explore the roles, rgsponsibilities, and rela-

tionships among professional associations,
governmental agencies, and voluntary organi-
zations in the provision of health care. The
meeting is sponsored by the AMA’s Council
on Voluntary Health Agencies. .

: ~Visual Requirements for ‘A'stronguts’

The visual requirements for astronauts
are basically the same as those necessary
for admission to flight training in the

"United States Air Force. There are now,

however, scientist-astronaut positions for

WINTER 1969-1970

which visual requirements aré not as
rigorous as those for the previous groups.
Scientist-astronauts were selected pri-
marily on the basis of their technical

1o the NASA mission. For those individ-
uals who must wear a visual correction in
order to adequately perform the mission

requirements, NASA has awarded a con-

THE SIGHT-SAVING REVIEW

' of damage to the astronaut
junar missions was of para

strof‘nauts’_fl‘“ |

knowledge in a scientific field applicable -

’s eyes. T
mount importance:

sand

tract to provide spectacles which. could..
be worn within the pressure suit helmet:
during either lunar extravehicular activs:
ity (LEVA). or non-LEVA. conditions..
hese spectacles can be ordered with.or
Wwithout a prescription insert so they.
colld be used also by those astronauts
who\do not need corrective lenses.

Electr magnetic Radiation ,

Visible\light is on¢ small portion of 2
large spgctrum of electromagnetic radia
tions (or gnergy) from the extremely shor
cosmic and gamima rays to the X rays
ultraviolet; yisible, infrared, Hertzian, in
duction healing waves, and beyond...
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