
.. g~oup but of all vi~ual , scientists and ~phthalmofogists, ·as well as 

· those iiltere~ted in blindness everywhere; . -·• ·-_ ·. . ·· .·. . . . 
~- : ·. •~ tools and methods have been created for U:'in 
t ,d1agnos1s and treatment of disease . · , .. 

· Every citizen, .of co~rse, should be concerned abotit the pr~$Cnt 

. rampag g inflation and its relation to Federal spending. Increasing, 

too, ho . ver, is the cost of blindness and one must reflect if.th 

·., .· .· . . . 

: .. ~ some of these have harmful as well as beneficial effects _ · 

- . _wealthiest ;1tion i_n the world can· afford to spend less than 0.00000 · 5 • 

of the Fed I-budget on blinding diseases. 

ver, is _not the moment for gloom; The Nati al Eye· · 

. Institute has een authorized and funded. A youthful; c~ea . e, stimu­

lating and dis rning director with a background both i clinical and 

laboratory opH halmology has ·been appointed. Institute has 

r •· •. 
. ~. ... ·. . 

:...; . 

~--: •. . :'-.-~ .. >~ _,,.. .. . . 
- .< 

';,;: .· 

(Radiation-~<-__ 
powerful friend in Congress and Ors. Marst Berliner, and 

~herman are anx1 us that it succeed. A strong dvisory Council is. 

active; its scientifi members are knowledgea e about the Federal 

establishment. Opht almology has taken th first step on a journey 

that promises to ope exciting new vistas and ensure th;it no indi­

vidual fails to achieve ·s full potential cause of poor vision. 

lc_l·_· . . . --- .. 

~Effects on the Eye·_ " 

i Walter J. _Geeraets, M.D. 

COLOR YOUR CAR FOR SAFETY 

The coloring of a moto~ vehicle, especia~ 

the rear-end, can have an important eff-ec 

·_ upon its visibility. The coloring of a ·veiicle 

can also serve other motorists as ant~id in 

judging its size, distance, and relativ6 speed. 

._ In studies conducted at UCLA, it/as shown. 

that the color of an approaching auto d_efi­

nitcly influences a driver's judgment of how 

far away the vehicle is. Of th1c colors tested 

on 164 subjects, blue an~ellow made dis-­

tant objects ·seem close in both daytime 

a11d nig~ttime· con~if ns. Gray. shades 

m;ide obiects appear urther away. . 

Traffic Safety reg its that the most effec­

tive· combinatio~r the rear-el)d of a ve­

hicle would _b~hite o_r yellow for a back­

ground ano/ diagonal · stripes of black 

against thiS"ba_ckground. 

\Vhc/4 chassis, and irregularly shaped 

underparts. may be high.lighted by painting 

such sections aluminum, which gives bright 

reflections on small areas and improves 

visibility. • 
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FRANK W. NEWELL 

BUTANE LIGl:ITER CAUSES EYE IRJllTATION 

. A case of eye irritation caused by a butane '.1 
cigarette lighter has been reported in a Letter :l l d . 

to the Editor of Tne Lancet. A healthy, : . ntro uction 

middle-aged man complained of blurring of> With the advance of modern science and 

vision in his_ left eye. After various ~ests were I \echnology, new tools a_nd 1:1ethod_s have 

:~formed, 1t was concluded that bts blurred f been created for use m d1agnos1s _ and 

s1on probably followed a retrobulbar neu- ~ ireatment of diseases. Some of these have 

ri ·s. However, his symptoms persisted for! harmful as well as beneficial effects. Elec-

ano her 18 months. He was a moderate• ,romagnetic radiation is within this cate­

smo r, and on one occasion, he noticed t f gory of modern achievement and it ranges 

that en lighting a cigarette be tended to from wavelengths as short as X rays and 

bend hi head over his gas cigarette lighter. f gamma (-y) rays, t_hrough visible light to 

Oc_casion lly, the butane gas would spra_y on l m· • d d" f · 
. · . . -· 1crowaves an ra 10 requenc1es. 

his eye. H subsequently took greater care Th f thi _ · · • t r 

). • . ·· . . d' f e purpose o s review 1s o 1ocus 

when 1ghtm his cigarette, avo1d10g ben mg · · fi · • h. h" "d 

• · • . ·t .on· ve segments wit m t 1s w1 e range 

over the light , and smce then his symptoms · f d" . h" h · • 1 
· bl 

h ]. t • · d C dent o ra 1at10n w 1c pose spec1a pro ems 

ave a mos 1sappeare . orrespon . . . 

I. Hughes Hall t concludes that it seems 1. ,In the health field. Each of these five "'.Ill 

possible that the butane may have been I .~ treated se_parately as _follows_: ~a) Bnef 

sprayed on to the c rnea givirig rise to slight I ; ackg~oun?, (b ~ U st:s m med1cm_e, and 

destruction or pcrha s simple edema of the i ,Potential biological hazards, especially as 

corneal epithelium which then passed off. • i ~applied to th~ eye; (c) Radiation levels 

presently 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 re~ions are: 

l. Ionizing radiation (X rays and "trays) 

2. Ultravioiet radiation (UV) 

3. The visible spectrum including the 

near infrared (JR) region 

4. "Far infrared" radiation 

Q) Microwaves and radio frequencies 

However, before these 5 points are dis­

cussed in detail, mention should be made 

of one feature that applies to an of 

them-radiation protection. It presents a 

. complex problem in all areas of electro-

1s1-/9t 

.. 



' . _· .. . ... 

· · · . . : . . · · . · ·d · · pl;ide effects could be c~used by X r~ys. increa~ed by millions, and the protecti~n :.-

Unfortunately, effective radiation protection procc ures · ·. . ·. [ 'Reports of skin cancer due to overexpo·. problem expanded considerably. · · .• · · · 
-·-· . .,., . ' 

. ~·. . 
~ - -:~ . : 

magnetic radiation and ·requires the co• 

operation of' equipment manufacturers, · 

supervisory personnel, and actual opera-

.. tors of the equipment. Protective ineas• 

ure_s·s~n'ietimes 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 Americai:i Medical 

Association, the Public Health Service, 

the Nati~nal B~rcau of Standards (NBS), 

the International Commission on Ra9i­

ological Protection and Measurements 

(ICRP), the National Committee ori Ra• 

diation Protection and Meas_urements 

. (NCRP), v_arious installations of_ the De­

partment of Deferi~-e, industrial laborato-

rjes, etc. In.most instances the-se agencies 

have ei1deavored to provide authentic 

information and n"ot necessarily material 

to be used for legislative purposes. How­

ever, many state and local 2uthorities 

have based their protection codes on this 

information, e.g., NBS handbooks. 

Strangely enough, different regulations 

and controls apply even for similar types 

of irradiation. For instance, in many 

states radium and. X-ray equipment are 

under the direct control of the person in 

charge, who is responsible fo(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• 
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have not been universaUy adopted t Jsure to x rays appeared within a few . Jladiosotopes are, in part, the result,of 

. · , . · .. · . . . . . ; ·,years after the discovery. However, little man's ability to make unstable atoms out. 

tio~. ~~veral stat~s have already enacted 1 !attention was given tp these early wam· of stable atoms by bombarding. their. 

rad!a!1on protect~on laws, and the re- l : ings, and many of the first radiation nuclei with the "atom smashers." By this_ · 

mammg states will undoubtedly follow l workers received painful and even fatal bombardment the centers of the stable 

suit in due_ time. .. ·. . .. . . l 'injuries. tt was soon obvious that pro- atoms become heavier and out of balance 

~nfortunately,_effect1ve radiation ?ro-- 1 lionged exposure to ionizing radiat~on · because of the addition of.one -or more 

tection procedures have not bee_n uru:er- t· !could also cause damage to_ bloodformmg new parti~Jes. To returri to stability the 

sally_ adopt~d. Eve_n ~oday, manf med1~l I j organs, malignancies, reduced fertility unstable atoms throw off the extra mass 

and m~ustnal r_ad1at1on users s~l r~ce1ve ! 4and life span, and even genetic changes . in the form of invisible particles (a and ~ 

. . excess1vi::_ exposures. Usual!y ~his 1s not f { which could affe~t fu~ure generati~ns. . particles and neutrons) and -y rays. Neu· 

. due to ~1STegard of a~thon~t1~e recom- i 1 When the Cunes discovered radium 10 trons are electrically neutral particles 

mend~tions but to ms~ffic1ent under- I 1 !898, ariother source of penetrating mys which, like -y rays,· are extremely pene- . 

standmg of the protection problem. 1 'from radioactive materials became avail- t~ating and can travel long distances .. 

The most effectual aspect in.radiation f j able and within a short time it was Radioisotopes, however, are not being 

protection remains with the education of 11 iea~ed that these radiations caused much given major c0nside.ration ~n this paper, 

workers in the specific fields_and environ- :;;the same tissue damage as x rays. When although modem radiation centers do 

ments. The general pubh. c, however,
1
-i a radioactive material disintegrates it may emplqy gamma emitters such as Radium-

unawar~ and often not knowledgeable , give off alpha (a) or beta (ti) corpuscular 226, Gold-198, Cobalt-60, fodine-131., 

concemmg these health problems, has to ! 4radiation and electromagnetic radiations and others, along with orthovoltage and 

be protected by strict enforcement, either 11 calJed called -r rays. Gamma rays and megavoltage X-ray machines, in cancer 

by law or such scientific recommenda- . 1 X .rays· of the same frequency react in therapy. industry and the military also 

~ions_ w~ich would impose severe legal ! >he same way. Alpha (a) and beta (/3) use many of these emitters of penetrating 

1mphcat1~ns on manufactur~rs and users k ; rays have a much shorter range in tissue gamma rays. Therefore X and -y radia-

as wen, 1f th;ey do not abide by such p than the penetrating x and -y rays, but if tion may be considered as the same for 

recommendations. . . l ' materials emitting these rays are depos- purposes of this report. 

Whether w~ _are c_oncemed w'.th X or I ited inside the body, they can do irrepar- Even in our daily lives ionizing radia-

-Y. rays, UV, v1s1ble hght, lasers, mfrared, I l able harm. This fact was first recognized tion plays a certain role, for example, in 

or microwaves,. an_ eye-?rotecti?n ~nd ! : ·more than 30 years ago when some ra~ · the pasteurization or sterilization of food 

hazard-con~rol progra~ is of pnme im- I dium watch dial painters died as a result and other products, gauging the t_hickness 

portance, smce th_e eye 1s often the most i '. of ingesting ~m-all· amou~ts of ra~iu_m- of materials and levels of fluids, tracing 

vulnerable organ m the body. . j-' activated lummous ma.tenals by pomtmg processes ·in living and nonliving things, 

i their brushes with their lips. . and the productiqn 0f heat for generating 

· With the development of nuclear en- electric poweT. Everyone is aware of the 

~ ergy and the production of radioisotopes, nuclear powered submarine and s-urface 

X rays, discovered accidentally by W. C. the number of radioactive materials has ships, but not as wen known may be the 

Roentgen in 1895 as he was experimenting '' 

Ionizing Radiation 

in his laboratory with an exhausted vac-

uum tube, literally began a new era in ', 
. . 

diagnostic and therapeutic medicine and • j ..• an eye-protection and hazard-control program 1s of pnme 

made possjb~e t~e use of these new radia- · importance, since the eye 

tion properties m many other fields. But l ' . · . bl · th ·bod 

it soon became apparent that very severe ' . ·is often the most vulnera e organ m e y 

·-
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.. fact that nuclear batteries. have long been 

used to power unmanned weather stations 

which automatically record and transmit 

weather data from . the vicinity of the 

. North and South Poles. Radioisotoj>ic 

devices have been used extensively in the 

space program and soine day may be 

nee4ed to supply the iong-Jasting sources 

of electricitf durinimanned space flight. 

Already, since time began, man has been 

exposed to natura.1 or background irradi­

ation from radioactive elements, such as 

. uranium, thorium, radium, and other 

• sources which are ev~rywhere }n the 

earth. Cosmic rays (high-energy particles 

from outer space) are pai:t of this natural 

radiation though these tend to be stopped. 

by the earth's atmosphere. The .-total 

accunJulated dose to age 50 from external 

radiation . including cosmic rays, local 

gamma emitters, radon in the air, etc. 

and internal radiation including Potas­

siuin-40, Carbon- I 4, etc. · is less than 5 

rem (roentgen equivalent m~n)*.' 

Today X rays, ,, 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 concrete structures 

of modern design for strength and ab~ · 

sence of engineering faults. We will find 

few areas of art, technology, and .science 

where ionizing radiation has not been 

applied to obtain more perfect results. 

Industrial and other nonmedical use of 

radiation, e.g., X-ray installations, pre­

sent g_reat hazards in· their applications 

for many reaso.ns: (a) some of the Xcray 

equipment is automatic and operates con­

tinuously during working hours, (b) .· 

• /\ rem ·is lhe quantity of any ionizing radiation 

which has the same biological effectiveness as one · 

roentgen of high penetration X rays. 

;. 
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woi-k~rs may not be biologicaily orientedf'tous changes." The definition is ~onfilled .· 

nor h.a~e _been ma~~ aware o(~he_ effoctt lO limits which may ~ unaccep!able for . 

of. rad1at1on on livmg cells within thet •purposes of companson; To illustrate . 

body, and (c) the objects b!!_ing irradi~tedf- four classical points, one inigh~ state that 

can Vary from a small particle to a giant; cataractous changes are: (l) The most 

machine. . . . . l minute and subtle changes in the crystal-

. The biological system is especially vu1-·11line lens, recognized b:y the examiner, 

nerable to ionizing radiation'. In fact, the, whether or not they interfere with vision; 

Atomic. Energy Commission (AEC), inl A.dmittedly, the term "cataract" for such 

. Title 10, part 20~ of the ''Standards for[ ;minute changes is not a very good one 

Protection Against Radiation," based itslJimd may lead to misinterpretation if not · 

exposure limits on whole-body radiation,! lmo_re closely ~efined. (2) Len~ changes 

exposure to head a11d trunk, active blood-( 1which are _obv10us t~ any qualified oph-

. forming organs, lens of the eye, and the; ,!halrnologist but which do not severely 

reproductive organs. · [ !interfere with visual acuity. (3) Leis 

The crysta_lline Jens, without blood sup-[ changes which redu~e visual acuity, but 

p~y and surrounded only by ~queous andj jare by ,~o mean,~ m the category of 

y1treous humors; both, optically trans-1 ,mature cataracts (though one depends 

parent media, presents a unique metab-i here on the clinical judgment of the 

oiic situation. Therefore, it lends itself to, examiner in interpreting changes ob­

in vivo observations and has served in! ~erved in. animal eyes and correlating · 

many experimental studies in research; '.hem with possible deterioration of vision 

laboratories. Since modern optical in-; ·m man). (4) Mature cataracts, where the 

struments allo~ easy observation of tissue' l~ns is milky,· white and vision is reduced 

structures and/or changes in the living'. to light projection only. - . 

eye, it is obvious that the Jens in the hi.I-I As crude as this four-step classification 

man and experimental animal eye is an a' may ~e, at least it :Will offer some ki~d 

priori model to study biological effects 0 f, of basis for companson of effects. While 

X rays.and other types ofradiation in an, these effects are.easily ascertained in am­

almost classical environment, i.e., in its rnal experimentation, a parallel in human . 

natural unaltered setting without experi•; eyes is, of course, not possible because ~f 

mental artifacts; · · t the absence of. we11-controlled expen-

There is, however, a great discrepancy mental conditions. Accidental exposures 

in the amounts of doses necessary to pro- suffered by humans usually lack the exact 

duce lens changes in vario1.1s species. In physical backup, since dosimetry can only 

the rabbit the "cataractous'' dose level is· be reconstructed from estimates of con-

25R (roentgens), in comparison to the ditions at the time of exposure. · 

"cataractous" dose level of 250-SOOR re- Even in the exhaustixe and elaborate 

quired for the human eye. Although the studies of Cogan and Dreisler1 in 1953 

biochemical characteristics of the lens in and Merriam and F9cht2 in 1957, we are 

these two species are not significantly 

. - .-- ··~. -· ~ 

.. ~·· ·_ :~,,, .. ·., . - :: : ,..., 

dealing with the problem o{ definitio~s ~f ... , · -- .... 

lenticular changes and related estimates: 

· ofdose levels reaching the eye at the time-. 

of e~posure, . . . . . ·. 

In a three-year study of rabbit, monkey, . 

and human lens epithelium in cell culture; -

comparison of these species~specific cells 

did not show any behavioral function 

differences, morphological characteriza- . 

tion, mitotic index, etc. The electro-

phoretic species specificities were still' 

present after .the cells were· subcultured 

more than 15 times, tbol:lgh then~ were . 

some boundary changes in the three spe~ 

cies over thjs period of time. This may 

lead to the supposition that the X-- and 

,,-ray dose injurious to lens epithelium 

1nay be unrelated to the species. exposed . 

and that the discrepancies observed coulQ 

· be due to different in vivo observation 

methods. 
However, we cannot exclude the pos_. 

sibility that there may be a true: dilference 

in ·threshold values ·for Jens changes in 

various species in vivo, even though we . 

cannot confirm this readily in vitro stu­

dies. But if there is a true difference, the 

question is "Why?"-for the metabolism, 

the topographic location, the physiologi­

cal properties, etc., of the crystaJline lens 

are probably more similar- among differ­

ent species than are other biological 

sJructures. Besides the differe:nce. in dose 

required to produce lens changes in vari:­

ous species, the latent period between 

time of irradiation exposure and detect­

able manifestations in vivo can vary 

enormously. La.tency periods of ten a11d 

more years have been reported for the 

human eye, while latencies for biomicro- · 

- ~ . ~-- ~ .. · -

different, precise definition and meticu­

lous care are required in choosing proper 

"nomenclature" in reference to "catarac-
... th~rapeutic effects should be carefully weigh~ 

against the damage which could result 
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·· scopic observable lens chang~~ in rabbit 

eyes ~ever exceeded one year in our owri 

. experiments. One may wonder whether 

_ the life span of the individual spedes has. 

any influence on this ·rather peculiar 

· phenomenon. This~--only a speculation 

without any scientific basis since met.ab­

. olic mechanisms in these species and life 

·span. (i.e., a factor of about 12), can not 

be based on a common denominator. 

Hence any· ?iscussions along this line of 

reasoning is not scientifically acceptable._ 

More controlled and meticulous stud­

ie_s on human eye exposure using renned 

dosimetry at the time of radiation expo­

sure are presently under way and hope­

fuJly will shed som.e light on these 

unanswered questions. 

It should, of course; be understood that; 

faced with malignancies of the head and 

rieck in man, one may feel that risking 

radiation catarac_i is justified, since a 

patient's life could be at stake. In cases 

. where radiation .treatment is used for 

· benign ocular conditions, ho~ever, the 

ppssibility 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 fo_r 

shielding radiation workers from age 18 

(the earliest legal age for working with 

radiation), exposed to X-ray emitting 

equipment. The maximal accumulative 

dose has been set at 5 rem per year, or 

100 mrcm per week, based on a 40-hour 

week (lCRP, 1955). For the general pub­

lic the recommended dose is 10% of this 

(NCRP, 1957). Though these data are 

not generally known to the public and are 

. probably meaningless to them anyw~y. 

the public has becomed alarmed about 

the possibility· of dangerous radiation 

from television - receivers. TV receivers 
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may emit some X ·rays; but the NCRP f :J_ to wear protective goggles when handling . 

· . regula~ion requires that levels. must not t in~ustrial_ w~ldiiig equipm~n( and when · 

exceed 0.5 mrems/hour at 5-cm distance ~. usmg art1fic1al suI_llamps m the home. 

• from any outer surface of the instrument: i Excessive expos_ure to sun reflection at 

This. is a dose wel! belo~ _ th~t which is f . the seas~ore, in the de~ert, or from snow · · 

considered p~tent1ally. JnJunous under i . field~, will ?roduce the s~me syrriptoms. 

normal operating cond1t1ons. . l , Photochemical denaturahon and co<1gu- -· 

• . . ·•. . . . . . i I lation of protein ~tructures are the basic 

Ultraviolet and Visible Radiation f ; n:i~chanisms of_ cell damage. N~cleop~o- · 

Ultraviolet: Although the effects of UV- J; tems_ are par_t1~~larly susceptible wit~ 

· radiation on eyes and skin have been I · maximal sens1t1".'_1ty at a. wavelength of 

known for ages, scientific explanations of j 1 lambda (>-) 2650 A, .while the P~~teins of 

its interference with biological systems f cytoplasm are maximally sensitive at >,. 

are an achievement of our century. Prob- l; 28~ _A, The hu_ITI~11 cornea is highly 

ably the most accurate information was f I sensitive at}.. ~880 A. Cogan and Kinsey, 5 
. 

furnished in 1·969 by Pitts and his col- ~.' who u_sed a high pressur~ ~ercury quartz 

leagues. 3 An extensive literature review f lamp as a source of radiation'. ?,resented 

of electromagnetic radiation prior to the f · O.l 5 X 106 erg~/cm
2 

as t~e cntical value 

year 1916 _was published by Verhoeff, i; for damages to the rabbit 7or_nea at the 

Beil, and Walker. 4 . . ~ ' wavelength _}.. 28~0 A. lnJunes to _the 

. Effects of UV-radiation on the eye have t . c?rnea consiSt mamly of decreased m1to-
·. • · 1 sis nuclear fragmentat·on a d 1 · · 

raised many_ qu_estions in regard to the I ' -' . . . 1 •. _n oose~mg 

typical abiotic effects of specific wave ~ ~f the epithelrnm. In m_e~ici?e, UV-hght 

bands within this range of the electro- l is mo~tly_ used to stenhz~ mst~uments, 

magnetic spectrum. Inadequate intensities I • op~ratmg theaters, and mten_s1ve care 

of narrow band sources and the Jack of [ . umts, where personnel and patients may 

physical equipment suitable for accurate l -_ be exp~se~ to th is light C. 
0 ?tinuouslr or 

dosimetry have prevented correlation of t · for vanable prolonged. penods o~ t~me. 

. biologic effects and energy levels produc• i· j The Amencan Medical Assoc1atlon
6 

. ing them. . · l recommends that for the primarily used 

Harmful effects on the eyes primarily -~ wavelength >- 2537 A exposures should 

involve the cornea by producing a very f 1 not excee(i O.S W /cm 
2 for perio?s of 

painful photophthalmia. · Objective find: I, seven hours 0 ~ less, nor 0.1 W/cm
2 

m ~he 

ings includ~ excessive lacrimation, irrita· t I case of contmuous. expos~re. :nie m­

tion and congestion of the conjunctivas, I ! crease of ozone co~centrat10n m areas 

punctate staining of the cornea due to ! 1 where 1?Y lamps are muse may represent 

epithelial defects and ciliary sp~sm. : an add1tional health hazard which must 
' · be er . d b d ·1 · f 

These symptoms ·usually become appar- f • · irrunate , Y a equa~e v~ntl ation o 

ent after a· latency period of from 6 to ! such areas. With the realization of space 

12 hours following exposure to UV- f i fl_ight, protectiv~ devices had to be ~e­

radiation. This latency period is variable I ! signed to provide adequate protection 

in both direction~ andit is related to the· j ~: t~e _as~ronauts primarily against cor­

degree of exposure. The most common .i al mJunes (see yage _ 197_). Recent and 

cause is probably ·negligence, i.e., failure . well-documeAted mvest1gat1ons conducted 
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by Pitts and colleagues have greatly con­

tributed toward better understanding and 

more meaningful interpretation of the 

interaction between this electromagnetic· 

1inge of the spectrum and biological sys~ 

terns. The complex research conducted by 

these investigators has furnished funda­

mental data for the production of photo­

ophthalmia in the rabbit eye. The authors 

men6on 0_.054 X 106 ergs/cmi.as a criti-

cal maximum for >.. 2700 A. A value of 

0.998 X 10• ergs/cm1 was indicated for 

the wavelength range >,. ildo-3100 A, 
while 0;900 X io• er.gs/cm2.was given for 

the wide band of X 2550-3750 A. lt 

should b~ mentioned here th<1t Verh'oeff · ~ 

· and colleagues cite in their earlier men~ 

tioned paper 2.0 X l0• ergs/cm2 as .the 

critical value for potential damage to the · 

eye, covering the entire UV range. . .. 

The corneal absorption data reported 

by B-achem 7 deserve attention. At first 

glance these data would appear not to 

be in agreement with our own findings;s 

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 Verhoeff, 

.Bell, and WalkerY in 1916 is a classical 

paper on the impact of high intensity 

light on vis_ual 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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J th b d · All th<SC efforts howe,e,, were cumbe,. 

, · mvo ve. . e cornea . Y pro •1cing a very painful photo-ophthalmia i ·( Sources of white light have become more some and placed both patient and· sut- ·· : 

. : · . . · · · · · . . r'. . powerful and their energy output has .. geon under extensive stress. . . . . 

ment and absolutely true at the time it h · l · · c d tl d ·· d ·· · Th. X · · . . . . owe_ver,.is _usu_aly greater __ due io the_:pn rea~ gr_ea Y u_etogrow_mg emand_s e_ enon 2001 high-pressure lamp_._ 

was writ~en. As in other fields, however,· 1 b b fi ld h O . part1a o scurat1on of the sun itself by 
1
1 , Y v~n~us e s sue .· as mopern com- ( sram), manufactured in Germany and 

technical developments· have sho.wn that th d b t t d d · • . e moon, an . y the use of attenuation I , ~umca ion ,sys ems, :,vi e-screeri motion es1gn~d for use in motion-picture prO.: ,_ 

man is not satisfied with facts as they . filters_,_thus, decreasing the light intensity· I p1~ture proJ __ ectors, h_ 1gh-speed copy ma- jectors and in lighthouses, finally pro-~ . 

present themselves, but rather will eve·n- t h hi l ,. 1 h h · . en ermg t e eye. However, frequently , · c nes,. amps 1or 1g t ouse operation, v1ded energy sufficient to permit light_. 

tually fi nd ways to overcome nature. · such filters are inadequate and observa- t searchlight, photo flashlamps, etc. In coagulation of the retina .to become a 

The Sun tion tim. ,es· are .greatly extended since 1 • spite of the fac. t that all this equipment routine therapeutic procedure. Years ~f 

Injuries to· the eyes due to observing there is practically no discomfort while · , has a useful function, there is increasing · experimentation, development, and dedi~ 

eclipses of the sun have been known observing this fascinating natural phe- :, concern a~ to pote~tial health hazards, cation culminated at last in an instrument. 

since earliest hi.story. W~ find reports of nomenon. . . ; more particularly whether or not pro- . which met all the requirements of oph-

such injuries in works dating back as far. Ener~ levels entering the eye at vari-,1 !onged or. repeated exposures may have thalmic .surgical routine. This pioneering 

as Hippocrates .( 4
6
0-

370 
BC) and even ous pupillary diameters have been calcu- ? cumulative effect. . work was· done by Meyer-Schwickerath, 

Plato's Phaedo (
427

_
347 

BC) mentions lated which inay result in temporary or ·~ The eye, being a delicate.optical system, at that time a young ophthalmologist at. 

cases of eclipse blindness.during his time. p~rmane~t visual impairment. For a pu. f is hi~h)Y susceptible ~o injuries caused by Bonn University and Littmann of the 

Subsequently we find sporadic references piJla~ d1a~eter ?f ~ mm the ei;iergy i; the V1SJble a~d near 1n:rared range of the Zeiss Optical Company. Subsequently, 

throughout the centuries. Higher inci- density (or mtensity of electromagnetic f: spectrum. Light entering the eye from a laser sources have been used quite sue- -

dence_ rates are found during periods radiation) entering the eye was calculated J · bright source is focuse~ on t?e ret!n~ and cessfully to treat similar pathological 

when this natural-phenomenon occurred t~ be 5.1 mV:/cm2, *fora 5-mm pupillary t therefore, the the_rmal 1rrad1ance _1s mde- conditions of the. eye. 

more often. Many such occurrences from. diameJer this value is 14.1 mW/cm2; and t: ~endent_ of the inverse square law for. This Xenon high-pressure lamp men-

. the yearsl91 l and 1912 were'mentioned 3~.5 mW/cm 2, respectively for an 8-mm t- 1~~ge size~ greater than the diffraction tioned above emits rays in the near infra-

. by Birch-HirschMd, while other authors diameter, assuming an irradiance of 71.7 I hmit; a pomt emphasized first by Buett- red as well, a feature less desired, since 

refer to such injuries within the last mW/cmz at sea level. The second and ner and Rose10 in their paper on ocular this portion of the spectrum is strongly 

decade. third values are certainly within a range hazard from atomic fire balls. Threshold absorbed by the ocular media. Though 

. Normally, the intense arid bright sun- capable of producing retinal bums even- . values for energies deriving from "white these wavelengths can be easily removed 

light causes maximal constriction of the in the presence of lightiy pigmented ocu· _ light" sources, which will cause retinal in- by filter~, the commercially available in~ 

pupil thu~, reducing the energy density Jar fundi. Corresponding values at an . jury, have been obtained experimentally strument has not incorporated this pro-· 

o? the retma. The bright sunlight further- altitude of 100,000 feet (with ari irradiance [ over many years. Since these values are tective means. It should be stated, how-

more, causes painful photophobia which of 10~ mW/cm 2) would be 7.6, 21, and I· considered equal, or near equal, to those ever, that no ill effects under proper 

will not permit prolonged direct and fixed 54 mW entering the eye for the three i found after expqsure to continuous wave operating conditions have been reported 

observation .of the sun. The lid reflex pupillary sizes respectively (A. M. Clarke, (. (CW) lasers emitting within the visible over the last 1 ½ decades of operation. . 

(approximately 150 msec) is another ~ersonal co. n:1m~nication). Th.ese calcu!a• l:j spectrum, they .are considered in the sec- Since infrared has been mentio~ed a 

mechanism to protect the eye. The con- tlons dearly indicate the dangers involved ~i lion on Laser, . · · word should be said regarding the effe~ts 

tinuoi.Js action of these meiisures would in:_ direct observation of a sun eclipse t'. Some bright-light sources have found of chronic exposure to IR-radiation. 

be adequate u_nder normal conditions to without. adequate and scientifically rec- j, useful application in medicine. Attempts Glass-blowers and steel-puddlers have 

avoid burn injuries to the retina. omme~ded protective devices. Viewing a t; _to_ tre~t certain types of retina.I diseases been reported to develop cataractous lens 

Some important· physical factors are recordmg of the event on TV is undoubt- t with hght coagulation, in order to avoid changes-hence the term "glassblower 

changed when one observes an eclipse of edly the safest way to avoid the potential I_A compl.ex surgical procedures and to open cataract." There are two typical changes, 

the sun. The retinal image diameter of dangers. •. . IJ a way for treating previously untreatable i.e., initial posterior cortical opacities and 

the sun of about 158 ·remains the same • This is a unit of power· density used in measuring t}'. ocular dise~ses, were ~ad.e for many dee- secondly exfoliation of the anterior Jens 

for the human eye. The pupil diameter the_ a_mount of power per area of absorbing surface ades by usmg as a light source the sun capsule. Since the· lens Jacks heat dissi-
(m,lhwatt/cm1).· · · itself, carbon arcs, army searchlights, etc. pating mechanisms, such as circulating 

188 WINTER 1969-1970 THE SIGHT-SAVING REVIEW 
.189 

I 



~-~~~~~~~~~~~~~--~~~-i~W;•~~~~ ;~~~:·i 

c- ". ··,·.·-:.-~::;,\:~ ,:;: l~:-~--:~:~./;;~,.~-:~)\r.~i:·t,·i~ji;}:~~~~i1;:;l.:t~:{.~t~~0~ ::-.::1(:~:_:~:1:~;:~)i~i~~~/~;-~~~~~~L:: ·,~-:;,:}/::--:· -?~ ~t::t~:-~r:j:;: .. ::·/-:: ··. ~~:--, <:i,.-~--- - ..... -~- .;_- ··,. 

_· bl~od, the he~t generated by absorption 
of IR-rays in the adjacent pigment• cells 

· · of t-he iris and conducted into the· lens, 
·· raises the femper~ture _in the Jen;. Exfoli­

ation of the lens capsule is, therefore, 
attributed to such prolonged temperature 

. elevation. Many years qf exposure to_ . 
IR-radiation are required,. howeveF, to 

1.a;.;. . : . . . .. . . . . . . ~ ... calC11Iati;,ns clearly indicate .. . · . : , • ·c • ., . 

One of the ;,,agnlli<ent acltimments of ~ the dangers involv_ e_d iri direc_ t observatic:m _of a_~un_·· eclipse _w_· it_ho_ ut , .·. · · 
the past decade is the laser. The idea of. ti 
stimulated· emission was proposed by t, adequate and scientifically recommended protective devices · . 

Albert Einstein in 1917. I. Schawlow and ~ . : . 
C. D. Townes suggested in 1958 that · . ·· · . .- . 

optical 1?1aser act~on should ·be possi~le ,; energy ~eneration results in an emission Although retinal injuries ~aused · by 

and Maiman ac~e~ed the ~ st ~orking • of exceptionally uniform. wavelengths, thermal effects due to light absorption by·. 

pulsed ruby device m 1959 m this coun- , ~ with a bandwidth of infinitesimal size-a the retinal pigment epithelium may -be 

try, ~bile paral~el work. proceeded in t: fraction 9f an angstrom un~t. Various ~onsidered fairly conclusive, photochemi~. 

Russia. Townes, m the Umted ~tat~ and J
I 

materials have been found whi~h thr~ugh cal effects, i.e., interaction of light with ·. 

Y- N. Prokhorov and A. N. Ba~ov m the ! _ proper choice allow one to achieve strmu- .visual pigments in photoreceptors 11nder . 

U :S.S.R. were _rewarded for th_e1r ~cco~- l '. lated emission at distinct_ wavelengths those conditions, or in other . words,·· •. 

phsh~ents with the Nobel Pnze In l throughout the visible, near-UV, and photochemical damage is not fully under-·. · 

physics: · . . i, far-IR spectrum. Output ranges from stood and requires extensive investiga~ 

The mstant~neous po~er _levels avail-~; single pulses as short as 10-12 second to tion. Nonlinear effects including acoustic 

able were so hi_gh as to give nse to specu- t • continuous. Practical utilization for the transients, shock waves, re-radiation, and 

lation of many unique effects, and spar_ked r-' laser has been found in the areas of sur- second-order absorption caused by ex-

.·. --

produce such changes in the crystalline 
lens. The only protection against SJ.Jch 
injuries would be either complete ·auto­
mation or the use of goggles equipped 
with tR: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 fot 
steel-puddlers working close to the pots. 
Glass-blowers usually adhere to this 
practice. 

. the conversation at many scientifi~ meet- l · veying, micro-machining and welding; tremely high-power levels of giant-pulsed 

· ings for some time. The mechanism of t' communications and three-dimensional or q-switched lasers are capable of pro-

. · · · ·. · · L direct imaging o; hoiography among oth-. ducing severe damage, other than ther-

1.0 
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High Pressure· Lamp 
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l 
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1 ers. A recent use of laser in space was th~. mal, to biological systems. 

i• II bli · d 1 a experiment in the Up to now the use ()f laser beams for 1· we pu c12e un r 
Apoll~ series. See Figure 1. · . therapeutic applications has not reached 

But· here also, due to the eriormous a significant degree. Some achievements 

variety · of energy levels, wavelengths, were made in dermatology mainly in · 

j exposure times, efc., safety criteria polis treatment of portwine lesions and re-

cies and laws designe<;i to cope with these moval of tattoos. In cancer therapy use 

· .· probiems have assumed an important rele. of the laser has been unrewarding-except 

and controversies have arisen as to find- in the eradication of certain extensive. · 

ing ways toward the safe handling of this multiple ~kin malignancies; however, the 

I
~_,:: new invention. Excessively rigid applica- success in this area does not as yet sur-

tion of such measures or restrictions of pass that obtained by conventional ther-

practical use of· these new sources of apy. In dentistry, prevention or treatment 

electromagnetic radiation may severely of caries with laser is still in the experi-

'1·; limit the tremendous potential of these mental stage. Ophthalmology is probably 

sources and their use for further_·scientific today's only medical specialty where laser 

[ and industrial progress. It will _be neces- beams have become a routine therapeutic 

J sary to protect vast numbers of industrial tool for a variety of eye diseases. The 

employees, military. personnel, and oth- constantly increasing number of wave-

i ers, against exposurt levels not as yet lengths and increased power output will 

. . 1 evaluated in full detail regarding single enable us eventually to select particular 

Figure l. Spect;al positi~n of light emitted from. various laser sources. in com~arison with emission J time exposures, or prolonged exposure at spectral regions and exposure times to 

characteristics of a Xenon high-pres~ure light souJce. ,.t relatively low energy levels. meet individual requirements. As an 
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I t'Opbfual~~lo~ is probably today's only • .· . • , : .· ... ·.· ... ·· .. ·• • .. 

lJ medical s~ecialty where l~ser beams ~ave b~~111e ~ r~utin~ : ·· ·· 

rerape°."c tool, fo', ~ v:anety of eye dit~ ·· · · ·. · · · .. 

, 1 example one can list the Argon gas iaser At present special committees . arid. 

f: which has its princi'pal emission in the other agencies. concerned with ocular pro-

f- greeri portion of the spectrum. This spec- tection consider various. maximal per-· 

-1•~ tral region is particularly suitable for . missible exposure levels. The following 

. ·. _ireatment of vas. cular lesi.2_ns of the retina values,_ however, are widely used and it · 

i because of the absorption characte_ristics, is assumed that these data are conserva- · 

·; and at present is under intense clinical tive without being excessively restrictive, 

·; investigation. · · · at least until more definitive recommen-

: · Continued research on the use of laser dations become available. 

~in.medicine is of paramount importance . Suggested exposure levels are · 10-
4 

; else a major breakthrough in diagnostic, W/cm2 for continuous wave (CW) lasers· 

, preventive or. therapeutic medicine may .· emitting light within the visible range; 

· be missed. · · 10-5 J/cm2* for long pulses (-y sec-msec 

It was mentioned !!arlier, that "white ranges; 10-6 J/cm 2 for q-switched pulses 

I 
I 

light" thre~hold values for retinal injury (nano. second ranges) (see Figure 4). 

1
, are approximately of the· same order. of Acceptable values for CO2 laser are men~ 

l; magnitude as those for CW lasers which tioned in the discussion of effects of 

, 
1 

~mit light within the same visible _range far-lR radiation on the eye. 

t ! of the spectrum. This does not pertain to There are, however, other points to be 

t J lasers producing light in. the near-IR considered _not necessarily due to laser 

fl region, e.g. the neodymium(>,. 1060.0 nm) radiation effects, but rather caused by 

! J or the Nd-Yag (>,. 1064.0 nm) lasers be- exposure to support systems, e.g., explo-

11 cause of the marked difference in the sive gases, leakage of compressed toxic 

[ spectral properties of the eye in this gases, injuries from electrical shock due 

l frequency range. to the need for high-voltage power sup-

t Due to the characteristics of ocular plies, etc. All of these are potential health 

t absorption through the visible region, hazards and must be properly guarded 

t the light emitted by the ruby laser and shielded to minimize the danger of 

(>,. 694.3 nm) is absorbed by the retinal accidents. 

pigment epithelium 5-10 times more effi­

ciently tha_n the wavelength produced by 

a neodymium laser(>,. 1060.0 nm). These 

variations are due to greater absorption 

of the neodymium wavelength by the 

"far Infrared" Radiation 

Radiation effects from this particular 

range of the spectrum on the eye have 

. Figure 3. Percent absorption in retina and chor ·d f, r h f · · · 

c~rnea of human, monkey,_ ~nd rabbit eyes. · 01 or tg t O equal intensity and incident on the 

ocular media and a higher degree of 

reflection by the retinal pigment epith­

elium 1 1 (see Figures 2 and 3). 

• Unit of energy density for·. predicting damage 

potential of a laser beam (Jouie/cm1
). 
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LoG-·LoG PLor. FOR MINIMAL oPHTRALMoscciP,c v1s1s~E •· . RETINAL LESIONS . 

• WHITE LIGHT 
Wove le not.ha < 950 ri'l.,u 

<> LASER 1'1/LSES 
Wovelength ~94.3_m.JJ 
lmo9~ sir, 800 micr-Dlts. 

. 'Microwaves ·. . . . ... · . - . 
i)ames Clerk Maxwell and Heriz Heinrich (Rudolf (1857-1894) are the two most 
tJistinguished names connected with eiec~. . f;-rorriagnetic · radiation in _ the . ~pectral t'1ange of 10~2-10 6 cm. Their studies dur­r ing the second half of the 19th century l'nave provided the foundations for mod­hrn achievements in the fields of micro­r'wave systems, radar, radio, and television 

tnetworks. 
~ The rapid development and the expan­f sion · of industrial and military use of l1microwave generating equipmeRt, as well jas instaUatiori of microwave ovens in r'private homes, restaurants, hospitals, f ;chools, etc., have increased the concern 

- 100 ~-eJ-.1..uuu1._~
7

L.UJ.W11 . .:.._
6
-'-'--'WIL_

5
..1. . ..cuwL...u..1.W,L,.'-U.J.W>W.LJ.Liuil...w..w,LLWw.wL..LJ.L.unl.....,_u.=J f regarding the effect of this particular 

10 10 10 10 16" 1i/ 16
2 

10
1 

10° · ,o1 
10

2 ,o3 l'rype of radiation on biological systems. TIME- SECONDS 
: Possible harmful effects. on the human 

Figure 4. Power density necessary to cause minimal ophthalmoscopically observable lesions. ! body came initially to mind during World become a matter of concern since the CO2-laser was developed. This CW. gas laser is capable of reaching exception;Jly high power levels-sufficient to melt even firebrick. Since its wavelength (X rn.6µ) 
is absorbed by media transparent for wavelengths within the visible range, the cornea is particularly vulnerable. The first 10µ of tissue absorb about 67% of he energy. For relatively low energy evels, requiring extended exposure times 
o produce injuries, the blink reflex (ap­
roxima1ely 150 rnsec) may be sufficient rotection, as the thermai effect on the 
orneal epithelium would elicit this reflex 
1echanism. Exposure times shorter than 

i War H in connection with exposure of damages of iris and lens; i.e., a possible iradar personnel. However, only a few loss of the eye. The mechanism of this f cases of overexposure with resulting in­harmful effect is strictly heat-induced !juries became known. denaturation and coagulation of cell \ Tissue penetration by microwaves is proteins caused by ab;orption of such /,wavelength related and there are variable radiation. · f possible effects on the eye. For instance, Due to the enormous energies it is f surface layers of biological material will capable of producing, this laser has found~ absorb microwaves with wavelengths widespread industrial and military appli- l;1\ithin the millimeter range. At a wave­cation. For medical use the potentials of !!Jength of3 cm a maximal temperature rise this laser became soon apparent in micro- )joccurs in the anterior chamber of the eye surgery, where it served as a predsion /:close to the ~o_rn:a, and overexposure cutting tool, permitting refinement of ,may produce mJunes. For a 6-cm wave­techniques and increasing accuracy along •;iengt~ we :find a ~aximal rise in tempera­with the possibility of "bloodless sur- fiture m the anterior cortex of the lens, gery." Further perfection of this laser has 1! while for a wavelength of 12.5 cm these made it a surgical instrument which after 

.. high \empenttures :develop ill 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 tiine and power density,.· in addition to the wavelength character­istics, are other factors resporisible for producing biological damage. Overex-po~ sure to microwaves produces in mari, in· addition to. cataracts and iritis, vascu­litis, temporary sterility of males, blood· changes, and neurological disturbances. · In the Russian literature mention is made . of behavior.al changes with fatigue and .nervousness in persons subjected to pro­longed microwave exposure; it would appear that these changes could be con­firmed in animal studies. On the basis of present knowledge regarding acceptable -. temperature increases in body tissues, the suggested safety standard in the U.S. is 10 mW/crri 2 as averaged over any possible 0.1 hour period and a frequency r.ange of 10 megahertz (MHz) to 100 gigahertz (GHz); i.e., power density of 10 mW/cm 2 
for periods of C.l hour or more; energy density of 1 mW hr/cm 2 during any 0.1 hour period. 12 The U.S.S.R. standard 13 
is 0.01 mW/cm 2• Later Russian publica­tions give maximal acceptable power den­sities of 0.1 mW/cm 2 for exposure times of up lo two hours, and· 1.0 mW /cm 2 for not inore than 20 minutes. The United States s·tandard of 10 mW/cm 2 was ac­cepted upon recommendations by Schwan and Li 1•, who based this recommenda­tion on minimal detectable biological 

e blink reflex may produce severe cor­
eal damage when high energy levels are volved. Such damage may range from 
versible superficial injuries of the epi­
elium to permanent corneal opacities, 
rneal ulcers, corneal perforation, and 

. many stages of development finally can 
be r~~ognized as a_ valuabl~ adjunct_ in r Overexposure to microwaves produces in man · med1cme. Its practical use is still beme . · . • • · · · · -
explored. At 'this time exposure level; m add1t1on, to cataracts and mt1s, vascuhtis, temporary below 0.1 mW/cmz are considered safe. : sterility of males, blood changes, and neurological disturbances 
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NATIONAL VOL_UNTARY HEALTH CONFERENCE t 
(. 

The Third National Voluntary Health Con- tionships among professional assoc1auons, ! 

ference will be held May 7-8, 1970 in Wash- governmental agencies, and volun~ary organi- t 
ington, D. C. at the Statler-Hilton Hotel. zations in the provision of health care. The ~ 

This is a national leadership conference to. meeting is sponsored by the AMA's Counci
0

l l,· 

explore the roles, r1:_sponsibilities, and rela- on Voluntary Health Agencies. 

stronauts: 

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 position& for 

which visual requirements are not as 

rigorous as. thOS\! for the previous groups. 

Scientist-astronauts were selected pri­

marily on the basis of their technical 

knowledge in a scientific field applicable· 

to 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-

tract to provide spectacles which could:. 

be worn within the pressure suit helmet; 

durin·g either lunar extravehicular activ.- 0

1 

·ty (LEVA) or non-LEVA conditions. · 

hese spectacles can be ordered with or 

w thout · a prescription insert so they 

co ld be used also by those astronauts 

wh do not need corrective lenses. 

Eke.tr magnetic Radiation 

Visible light is one small portion of a 

large sp ctrum of electromagnetic radia­

tions (or nergy) from the extremely sbor 

cosmic an gamma rays to the X rays 

ultraviolet, isible, infrared, Hertzian, in 

duction hea ·ng waves, and beyond .. 
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