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ABSTRACT 

An inveotigation Wi".s performed to compare the frequency 

of occurrence of lent.icular imperfections i n the eyes of a 

sample of 736 microwave wo1kPrs and a control sample of size 

559. Tl1e installations su ~vey~d a r e des c r ibcd and their 

microwave safety procedures reviewed. The methodology for 

the ophthalmological examination , and for recording the 

extent Qf lens imperfections , are present£d . 

Microwave o=xpoet'.lre was estimated by aH ;;. lysis of occu-

pational his~ory questionnaires . Ophthalmological observa-

tiona of special clinical sign1ticar,ce are presented and 

findings of this investigation are discussed . 

I 
I 
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SUBJECT: Evaluation of Contract AF30(602)-2215 

l. The study accomplished by New York University-Bellevue 

Medical Center is the first intensive effort undertaken by 

RADC to study the effects of microwave energy on the human 

eye and t.O relate oph·.:halmological findings to actual cond!tions 

of exposure. J., the absence of such data grave concern was 

often expressed that tho current maxim~~ permissible level 

(MPL) of 10 mw/cm2 for ~protected personnel was excessive, 

and that prolonged exposure to such in~ ·nsities would result 

in serious visual loPses. 

2. An important aspect of this study has been the determination 

that, in areas where accepted safety practices are observed, 

microwave workers do not reveal lenticular changes significantly 

different from those exhibited by an unexposed or "control" 

populatlon. While sufficient incontravertible evidence is not 

yet available to est~blish a firm safety level, ::he results of 

this study suggest that the tisAu! damage threshold f.or long 

term exposure may exceed 10 mw/cm • Since the principal ob­

jective of the RADC microwave program is to establish and vali­

date a realistic safety level for personnel exposure, this 

approach is in line with our long range plans. 

3. The t~U-Bellevue studt has additional implications for the 

conduct of follow-on animal res~arch. For example, it has been 

shown that small lenticular imperfections such as granules, 

vacuoles and minute opacities are not necessarily precursors 

of damaging microwa·:e ef.fectt:. For this reason, new and more 

suitable criterial for specifying lenticular changes, together 

with appropriate measuring techniques, must be developed before 

extensive animal eye exposure series may be undertaken. More­

over, the observation that marked species differences exist 

with respect to the type and location of induced lenticular 

injuries now impoP~s tho additional requirement that both 

criteria and examin~'~ion techniques demonstrate the feasi­

bility of extrapolating animal data to man. 

WILLIAN II. DOHERTY 
Project F.ngineer 
Rome Air Development Center 
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INTRODUC'l'ION 

This report dt•:'.cribes a compreho;nRtve study of a compli­

cated and difficult problem. It will not be the last word 

on thiti subject but our hope is that it will add some know­

ledge ~nd remove some fear . !n addition, it should aid in 

progr.anuning the continuing i~l'!estigations of the biological 

effects of microwave radiation. 

This study represents a logical out.growth of two pre­

vious series of investigations. 

In the first series of investi.gat1 1)ns, ·~'lA l"l"t.;,.racto·­

genic potentiality cf microwave radiations in the laboratory 

animal under controlled environmental conditions had been 

clearly demonstrate~. 

Secondly, data obtained from an eye study survey of a 

group of employees at the RomP Air Development C~nter (1) 

was suggestive of an increased incidence of abnormal lens 

findings among microwave workers. 

As a result of these studies, an ad hoc Eye Study Group 

waa convened at the request of the Comma.nder, Rome Air 

Development Center for the purpose of reviewing ~he lens 

findings of the Rome employees and of evaluating these find­

ings in the light of the animal inducad lenticular opacities. 

~•e Eye Study Group determined (2) that the types of lens 

defects found at the Rome site ~re not different from the 
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types of lens defects noted in routine eye examinations, that 

surh defects do not significantly interfere with vision and 

that tecr .. lically the reported defects should be distin·.,JUished 

from cat~racts in that a cataract represents a gross degree 

of lens opacif.ication resul.ting in reduced visual acuity. 

Herein lies one of the principal difficultl.es encountered. 

Many minute defects are spontaneously present in the lens and 

th~rP. has not been any correlation as to whether or not these 

early changes represent incipient cataracts. Sorne of these 

defects remain station~ry for life. Others are assoc1ated 

with progression of opacification and ultimately result in 

cataract formation. When this occurs, the rate of progression 

is usually so slow thot years may paes before the process is 

complete. Furthermore, this process of opacification may stop 

at an incomplete ~tage and thereafter remain stationary. 

It should be roted that ophthalmologists do not ordinar­

ily diagnose an eye as having a cataract unless loss of visual 

acuity has occurred or the defects in the lens are massive as 

cot'1pared to the defects found in the Rome group. Moreover, 

ophthalmologists do not routinely study the lens in great de­

tail for minute defects. Furthermore, there is no standard 

method of conducting the slit-lamp examination nor of document­

ing the morphological and geographical findings. 
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The Eye Study Group reconunended that the original survey 

should be expanded to include additional military personnel 

and that similar studies should be carried out on selected 

employee groups in electronic .industries where exposure 

might exist, .in crder to obtain a larger sample of exposed 

individuals in order to develop more meaningful statistice1 

that the sampling procedure employed follow sound bio­

statistical practices and that if possible, the slit-lamp 

examinations involved should be accomplished by one ophthal ­

mologist in order to insure uniform observations. 

At this point, it is prudent to review some of the an~­

tomical characteristics of the normal lens. The lens is 

enttrely ectodermal in origin and at an early embr.{onic stage 

of development, the lenticular cells are isolated from the 

rest of the body by an envelope, its capsule. Although this 

tissue is isolated from the cellular components of the body. 

it continues to grow throughout life without any new cells 

entering the lens nor any lenticular cells leaving. Being 

avascular, the lens is at a disadvantage by not .• aving as 

effective a cooling system as the other tissues of the body 

as well as not having available macrophage& or replacement 

cells as occurs in the repair processes elsewhere in the Lvuy. 

The lens is a biconvex, transparent tissue situated near 
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the anterior portivn of the eye . lying directly behind the iris 

in the primary axis of the ey~. Its diamP.ter is less than 1.5 

centimeters and its thickness from anterior to posterior pole 

is less than 5 millimett:'!rs. In the cent~.r.: of the lens is the 

e~rliest portion, the fetal nucleus. This is surrounded by 

the adult nucleus, which in turn 1s surrounded by the cortex. 

Lining the anterior surface of the lens is a 1 cell thick 

layer of epithelial cells which extends to the equatorial re­

gion, '"'here peripheral epithelial cell& unr.;ergo transf,rmation 

into lens fibre cells. The peripheral surface of this tissue 

is enclosed by an inert transparent capsule. 

Due to the optical qualities of the eye, the lens can be 

examined by a slit lamp. This instrument is a type of bio­

microscope having a light beam which can be altered ill size 

and inte~eity. In ~ddition, the light may be focused upon 

any level of the lens concurrently with the viewing micro­

scope so that although the lens is transparent, the portion 

brought into focus may be examined. By slit-lamp examination, 

the various regions of the lens may be recogni;ed and imper­

fections noted. 

Injury to any portion of the lens may result in J.oss of 

transparency, a condition termed v!JaCificati·:m. This may 

occur in localized 1:egions of tha lens or diffusely thr·oughout 
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the lens substance. ~~en opacification has been established, 

it rnay remain stationary throughout life; it may progress or 

after partially progressing, it may become stationary. 

Sporadically, ~ases of cataract formation in humans who 

have been exposed to microwave radiations have been reported. 

These cases have exhibited extensive, dense opacification 

which represents the end result of massive lens damage. 

Some of these patients have been followed -:olosel:,- zy opht:hal­

mologists who have attempted to determine whether causal 

relationship existed. 

Two complicating factors arose in evaluating the avail­

able human material. The first of these was the possibility 

of mixed microwave and ionizing radiation exposures. Both 

types of radiations can produce lens opacification. For this 

reason as well as the need to specify microwave exposure, 

evaluation of the environmental history is very important. 

The second factor requiring consideration was the lack 

of a standardized method of examining the lens ~s well as 

a lack of uniformly recording the findings of such an ex~m­

ination. Certain n:inute lens defects occur norroally and there 

is no agreement amongst ophthalmologists as to nomenclature 

regarding these defects and as to whether or not these early 

changes represent incipient cat.aracts. 
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Thus, we were brought to a realization of the inade­

quacy of previous methods of investigating the available 

human material and to a realization of the importance of 

establish.tng a parameter t•f hazard associated with roicro­

wav~ radiation. It was imperative to design our study in 

such a manner that it ·would be :neaningful and biostatisti­

cally sound. 

OUr study was designed with the hope that it could 

accomplish the following objectives: 

1. Establish a standardized method of slit-lamp 

bio-mi.croscopic examination of the crystalline lens of 

the eyes. 

2. Examine "exposed" and control personnel to de­

termine the extent, if any, of cataract £ormation and to 

report all types of lens defects along with their geograph­

ic 1occ1tions. 

3. Evalu<\t~ environmental data relating to mi.cro­

wa~e and ionizing radi~tions as concerns the subjects 

studied. 

4. Advise whether or not an eye health problem ex-

1Stl:l. 
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5. Provide a detailed description of the methode of 

surveying for microwave and ionizing radiation exposure in the 

various establishments participating in our study. 

6. Critically review thea~· procedures. 

7. Develop improved methods of ch~racterizing the ex­

posure histories of personnel. 

8. Prepare recommendations which, if adopted, would 

lead to a more uniform method of performing environmental 

surveys, a unified procedure for reporting the data, and, 

hopefully, the establishment of a registry of environmental 

data which, when correlated wJ.th the accumulating clinical 

information, will assist to interpret the relationships that 

exist between the envirunmental 3nd clinical findings. 

Preliminary studies were made to establish a st~,dard­

ized method of ~lit-lamp examination in association with 

the use of the Donaldson stereo-camera which photographs 

the lena of the eye in stereopsis. By combining these two 

methc1s of study, it was possible to document many types of 

lena defects, especially those defect& having pot"'.lnlial clin­

ical significance. 

Concommitantly onvironmental exposure history question­

naire& and bioat~tistical criteria for selecting exposed 



and c~ntrol subjects were developed. These criteria will be 

presented herein. 

Following initial examination of a group of workers at 

the Rome Air Development ~0nter, the entire cphthalmological 

problem was re-evaln<:~ted and the following findings were noted: 

1. Every lens examined has imperfections. 

2. Detailed examination of the most heavily exposed 

patients at RADC failed to reveal any pathognomonic lens 

defect. 

3. TO be significant, defects must be of such a 

nature of magnitude that they can readily be verHied by 

slit-lamp examination or documented by photography. 

At the same time, the original R~me Eye Study Survey was 

examined statistically and expressed in graph form relating 

the total number or lens defects per lens plotted against 

age. In the control group, this grapn clearly demonstrated 

a linear function (3). 

Satisfied that we could express the eye findings in a 

numerical fashion, estimate the exposure by s .oring tech-

nique and relate the two by statiRtical analysis , the proce-

dure for obtaininq the sample and insuring Q blind ophthal-

mological study was put into operation. 

This investigation was based u~n the sample of the 

I 
t 

--'--------------------------------------------------~ 
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exposed group being as representative a~ possible of per­

sonnel employed in n permissible microwave environment. 

However, because of our interest in the problem of micro­

wave cataract, r.wo individllals suspected of having this 

condition we:1:e privately reierrPd to the ophthalmologist 

during the course of this investigation and he was thus 

afforded the opportunity of establishing this dlagnosis 

and determining the manner in which exposure to microwave 

radiation !.r.duces cataracts. These !indir,<;F-! along with a 

review of the literature will be rE1ported separately. 

This investigation has been undertaken under Cnntract 

AF 30 (602) 2215 with the Rome Air Development Center at 

the reconanendation of the Tri-Services Microwave Conanittee. 

In addition to the Army, Navy, anci Air Force, many industrial 

companies participated and without. their cooperation, the 

study would have been meaningless. Tb all, we express our 

deep appreciation. 

A final word is in order regarding the statistical 

methodology. In the construction of the mathe! &tical models, 

one must be aware that the purpose of the model is to pro­

vide theoretical conclusions which then are subjected t .o 

a test before being ~cceptcd. If there had been no models, 

-- - ------------------------------------------------------------~ 
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the complex conclusions attempted herein could never have 

been conjectured. A good model will fit more facts than 

a poor one, but no model can be perfect . For this reason, 

it has be~n necessary to critically evaluate the mathemati­

cal expressions from the v tewpoin~ of clinical credibility. 
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DESCRIPTIONS OF IM:i 'l 'AL.LAl i Ot.;s SURVEYED 

The samples of microwave workers and controls included in 

the overall studJ were selected frum s ! ~ t c cn separate instal­

lations . 'l'hc work at thest:! u .s tallar . .ions encompasses a vari­

ety of types of microwave operutions including research and 

development, operation, install~tion J maintenance, and test 

of microwave equipmt!nt . 

The survey incluued samples from installations located 

in eight states in the United States and in c: te foreign 

territory. A geographical breakdown of the survey reveals 

that nine of the installations visited were loc~ted in the 

northeast, three in the far west, two in the southeast, one 

in the extreme northwest, and, one visit was made to a Unite:d 

States installation on foreign territory. 

Eight of the sites in the survey are military installations, 

four being controlled by the A1r Force, three by the Navy, and 

one by the Army. The samples of radar ~o~•orkers from most of 

these military sites include both military personnel and civ­

ilians employed either by the government or by gc-·•ernment con­

tractors. The other seven installations are operated by pri­

vate induatry, six of them by electrouics cc.mpanies and one by 

a che.nical company utilizing microwave radiation in a non-radar 

reeearch capacity. 
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A t reakdown of thE: total sample according to job classifi­

cation is shown in Table I-1. The most frequent types of micro­

wave work encounte.red in this study, in o.cder· or decreasing 

frpquenc:y, are operation. ::.nstallation, and testing of micro­

wave equipme1.1t ( 73%), follo• . .,ed by research and development ( 12,..;). 

Two of the eleven installations were visited during pre­

liminary stages of the in~estigation, ~d the ~ata obtained 

from them has not been included in the statistical analysis 

presented in this report. The data from ... · :-:e other ins ·lallatinn 

was incomplet~necessitating its elimination from the analysis. 

Table I-1 categorizes the thirteen sites included in the 

analys~s of the data, according to the type of installation 

and the major function of each. In each case, when possible, 

detailed descriptive information was colJ.ecteot'l with p&rticular 

interest being given to work practices, sampling fraction, types 

of microwave equipment in use, and microwave safety practices. 

Installation A 

Installation A is a larqe military establishment where 

microwave operati~ns are divided between research and develop­

ment of high-powered search radar equipment and the m~inten­

ance of airborne radar equipment. One hundred forty-eight 

microwave workers and one hundrea forty-eeven controls wore 
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ex-'\mined. 

The personnel at Installation A may be divided intc t:wo 

groups, those engaged in research ar.d J~v~lupmt:nl , and those 

in airborne radar mainter.anc ~ . The research and development 

wot:i< is mainly performed by civilian employees of the govern­

ment: and, due to the nature and requirements of the wor~, this 

group generally has a higher mean age and mcro exposure to 

microwave radiation than the aircraft maintenance group whi~h 

comprised the majority of the sample. Thi~ qroup was mainly 

composed of young service personnel with less microwave exper­

ience than the civilian group . The t.ypes of exposures of th.i.s 

group result from testing and aligning procedures on aircraft 

radar. 

Surveying of microwave hazards is handled ~, an on-site 

unit whose duties are concerned with microwave measurements 

of various kinds. This group surveys possible sources of over­

~xposure on request of on-site operating personne~ . The sur­

veying procedure follows a service directive (4) which specifics 

the delineation or safe di3tances in regards tc the 10 mw/cm2 

limit. The directive also lists the complete specifications 

of the test equipment and specifies the ~ethod of calculation 

to be used and the procedure to be followed in each survey. The 
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surveylng procedure thus appears to be well standardh.ed. 

Installation B 

This ~nstallation is a civilian microwave assembly plant 

employing approximately fifty micro~~~~ve workers. Nineteen 

microwave workers and twenty controls were examined. The 

microwave worker group ·~as chosen by company supervisors 

as reproaenting those individuals at Installation B with 

past and present microwave exposures of varying degrees. 

The plant function is mainly design and assembly of 

microwave modulators. All transmitter tubes are purchased 

from other manufacturers and incorporated into the assembly 

at this installation. There is no tube testing performed 

at this installation. 

Airborne radar transmitters and receivers are regu-

larly tP.a ·:.ed in specially uesigned environmental rooma con-

structed to simulate high altitudes. The negative pressure 

within the rooms limits entry during operation of microwave 

"'-tui,j,::..ment and decreases the pcc!::tbil!ty of per!!onn~l ~'!!'!:~"-

sur•. The walls of the chambers are lined with steel plates 

such that transmission to the environment is minimized. 

Teet chambers with wire mesh exteriors and nonreflecting 

interiors (rubberized horsehair mats) are also used to test I 

I 

1 
1 
~ 
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transmitter performance. There is nv restrtction on access to 

these rooms during operation of the radar equipment. 

So~e work is ~eing done with X band radar indicating the 

possibilicy of high pow<>r ciP.nsities in very limited areas (pen­

cil heams). 

The mi'ljority of the antenna ~"c.::-k is reatricted to low powers 

estimated to be in the micr.::>watt region. Higi1er powerer.l trans­

mitters and antennas have been used in the past, but no radia­

tion surveys were made at that time. 

In general, the low powers involved and the use of environ­

ment~! and shielded chambers suggests that high level exposures 

would not now be expected at this installation. 

There is no regular microwave surveying procedure being 

used. No survey instruments have been designated to check power 

densities and there is no systematic procedure for requesting 

surveys or reporting the findings of a survey. In the event 

of an expect X-ray exposure, film badges are issued. This is 

not done on a rcutine basis. 

Installation c 

InPt:ollation c 1:::: a large military missile tracking facility 

at wh seventy-five microwave workers and thirty-eight controls 

were examined. The total number of microwave workf'rs at this 
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sit~ is approximately one hundred. The sample was chosen par­

tially on the exposure history questionnaire data and also by 

the subjective judgement of the supervieory personnel at 

InAtallation c. 

The microwave \otorkers rray be divided into civilian and 

military employees. The civilians may be further broken down 

into two groups. One group consists of workers employed by 

companies doing contract wo.~:k for the government. The other 

group is comprised of civilians directly employed by the govern­

ment. 

The radar equipment is generally medium to high power 

(i.e.,>lOO watts average output) and exists in a variety of 

types which include: tracking radar, mobile van units, air­

borne radar, rada~ beacons, radar jammers, and shipborne radar. 

Due to the great variety in radar types, a quantitative 

classification of radar exposures for each individual is im­

possible, as wasgenerally the case in this etudy . Sites of 

possible exposure are around the antennas of the higher pow­

ered equipment. Remote radar equipment, which is not well 

supervisee or surveyed, appeared to offer the greatest proba­

bility of over-e.xposu:res. Certain arc<.:.s in which men worked 

in close proximity to radiating antennas have been Aurveyed 

and found to exceed the m~~imurn accP.ptable exposure levels of 
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10 mw/cm2. Such findi.lgs have led to the designation of exclu­

sion areas or relocation of equipment to reduce the power den­

s~ty to levels that conform to the 10 mw/cm2 specificat ion. 

Responsibility for the ~urveying of possible radiation 

hazards rests with a testing and monitoring group. This group 

performs microwave power density surveys at the request of the 

director of the specific operation in question or at the request 

of the health officer. The survey is performed according to 

a standar.d procedure followed in evaluating possible radio fre­

quency hazards at this ins~allation. The areas of power den­

sities great.er than 10 milliwatts per square centimeter are 

located and all personnel are excluded from such areas. :tn 

addition to th1'! microwave surveys, the t .ransmitters are some­

times surveyed for X-radiation levels. 

A detailed report of each survey is written and distri­

buted to .both the group requesting the survey and to the group 

responsible for overall site safety. In general, the surveying 

and reporting procedure appears adequate to protect the workers 

1:rom microwave radiation hazarUtt wia~Le Ll-.c sur·vejtD arc pcrfcr~~d. 

The possibility of over-exposures in unsurveyed areaA exjsts 

due to the fact that the radar equipment is deployed over a wide 

area and is in some cases mobile. 
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Installa":.lon D 

Installation D is a smaller military missile tracking site. 

The majority of the microwave workers at this installation work 

fl)r civ.i lian contractors who install, operate, and maintain 

missile tracking and area clearance radar for the military. 

Approximately fifty men are emplo:,·ed .in microwave work at sltt! 

D. Of this group, fifteen wero examined along with eight con­

trols. The microwave workers ~~ere selected on the basis of 

availability rather than on the basis of th~ microwave history 

que:~stionnaire. 

Many of the radar installations at this site are remotely 

located and staffed by a small group of men who function more 

or less independently of other groups. At each of these loca­

tions, there is the possibility of exposure to ionizing and 

microwave radiation from the transmitters and microwave expo­

sure from the antennas. Film badges have been issued to all 

employees at this site. There is no group available on a con­

tinuous basis to perform radiation surveys. 

lnliltallation E 

Operations at Installation E include resear~l' and develop­

ment of advanced radar syst3ms for missile detection. 'there 

are also tube producing facilities, antenna develop11ent pro1ects, 
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electromagnetic scattering experiments, and fabrication of field 

evaluation models aL this install.:l·!:.ion. 

'rhe total number of people employed in microwave work at 

Installation E is eight hundred. Thirty-one microwave workers 

and twenty-five controls wc~e examined. The exposed group as 

selected by company representatives is comprised of individuals 

with varied degrees of microwave exposure. 

Although there is a wide variety of possible 3ources of 

microwave 9xposure, the generally low pow...:rs should telld to 

minimize the operating hazards Th~ testing of microwave com-

pon.~nts is generally carried out in specially designed rooms 

lined with rubberized horse hair to reduce power spray. The 

process of antenna testing is performed out of doors with the 

antennas mounted on towers. The antenna power outputs are 

normally of the order of mic~owatts and there jA small likeli­

hood of overexposures from antenna radiations. Frequencies up 

to a maximum of 12.5 kilomegacycles per second are us~d . 

In the event of a suspected microwave radiation hazard, 

th~ t•:mrw"rviRor in char~e of the equipment requests a hazard 

survey. The survey is supervised by the head safet-'.' engineer. 

Power densities ln excess of 10 milliwatts/cm2 of microwave 

radiation (at any frequency from L band and up) are considered 



I 

-10-

ha7.ardous and such conditions are corrected. The surveys are 

performed with a Ramcor detector. 

'A survey report is madP. to the head safety engineer a••~ :_:-.. ~ 

supervisor who requests t he 3urvey. Such survey results are 

kept on file by tha safety (~apartment. 

Installation F 

Installation F is a civilian company engaged in contract 

work for the government. Radar defense systems are developed, 

tested, and operated at this site. There are approximately 

three hundred microwave workers at this site. One h\mdred 

microwave workers and thirty-seven controls ware examined at 

site F. The microwave workers were chosen by the company as 

representing those individuals with suspected microwave expo­

sures of varying degrees. 

The operation of very high powered radars at Installation 

F is a source of potential exposure. Such equip~ant has been 

provided with safety interlock systems to avoid exposure to the 

h.i.yh J;JOWeL ll.:.r&iiiLi.:ui .s•sociated with the antenna;;. 

Inatallat~ 

Installation G is ~ large civilian research and development 

laboratory angaged in military and civilian microwave work. The 
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militacy work involves research, development, fabrication, and 

testing of missile guidance systems. The work at this part of 

the laboratory involves the operation of sc~e high powered radar 

sets ( L e., > 1 Kw ave:::age power). The nu!llber of employees 

engaged in microwave work at this site is approximately four 

hundred. 

The civilian work, which is performed at a separat e site, 

is mainly concerned with lower powered communications systems 

( < 10 watts average power). This work itl'tolves res&a:cch, 

development, and testing of microwav9 communications netwArks. 

There is some col'll!lunications wod; 0~1 tropospheric scattering 

being ~arried out that involves higher power outputs (i.e., 

~100 watts average power). The number of employees engaged 

in microwave work at this site is approximately one hundred. 

The sample of microwave workers examined at Installation G 

\~liS chosen on the basis of the duration of past microwave ex­

perience. The total number of microwave workers examined was 

forty-four. This sample was composed of thirty-five men from 

the site engaged in milit~ry work ~nd nine men ~rom the civili~n 

branch. 

The company has set up a standard procedure for the ev~lu­

ation of microwave hazards and for the protection ~f the workers. 
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In the event there is an operation thl\t may present a hazard, the 

project engineer directly in charqe of the operation assumes the 

responsibility of avoid1ng overexposures. On the basis of the 

known operatinq characteristics of the equipment, he makes use 

of &tanddrdiz~d safe distance formulas to delineate the hazardous 

are~s. These aroae are desi~nated as radiation hazard areas 

and are fenced off. The power density levels are then checked 

with survey m~ters to insure that the calculations are acc~rate 

in defininq the radiation area . 

Since the calculations may be made before the equipment 

has be•n turned on, this procedure appears to be safer than 

commencinq opera~ion without knowledqe of the possible hazards 

involved. 

The level of 10 milliwatt& per square centimeter ic speci­

fied as being potentially hazardous. A level of leas than 

1 mw/cm2 is attained whenever possible since this is considered 

safe by this company for indefinitely prolonqed exposure or 

permanent assiqnment. 

Installation H 

The work at this civilian installation is mainly fabrica­

tion and testinq of radar equipment. 

The total number of employees enqaqed in microwave work is 

approximately four hundred. The sample examined •::onsiDted of 

.. 
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focty microwave workers and forty-one controls. More detailed 

information is not available . 

Installation I 

Instr...LlaUon I is a civilian operation devoted to research 

and development of surface .u&d navigational radar. 

nae total number of workers actively engaged in microwave 

work at this installat1on ! ~ approximately one hundred. The 

sample consisted of fifteen microwave workers and seventeen 

controls. The exposed group choHen Ly the company repre~ents 

individual& with possible past and p£esent exposure to micro­

wave radiation. 

'l'his installation is one part of a large industrial radar 

complex. Bach part is autonomous in regard to specific details 

of microwave safety administration, but all installations follow 

a qeneral company safety policy. The executive safety orqani­

zation makes recommendations which are manda~ory only in the 

case of the existance of decided hazards . The executive qroup, 

therefore, serves mainly in an advisory capacity. 

The research and development work performed at Installation 

I loes not generally involve hiqh power densit .. es althouqh there 

is some equipment wit.h power o11tputs in the kilowatt ranqe which 

is infrequently operated. Durinq operation of this high powered 

aquipment, the radiating antenna is located on the roof which is 
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made an Axclusion area. There are no int.erlocks on the doors 

leading to the roof and exclusion is accomplished by means of 

warning signs, lights, and buzzers. There were a few antenna 

exposures to the individualR working on the roof or working 

directly on the antennas, but no apparent darnao;;.:s has ·- . --- -- .I... - _., 
JJa~aa ••""""' ~-- • 

The r esearch work ~ventually leads to the construction of 

a prototype to be used for development. The surface radar 

prototypes are the kilowatt transmitters prt,viously mentioned. 

Since most of this work involves L band equipment, there is 

little chance of encountering small beams of very high power 

densities. A limited amount of testing of. l.ow power output 

equipment is performed in anechoic chambers. Experimental work 

is b.::ing carried out to develop p)wer absorbing drums to serve 

as dummy loads, or anechoic chambers for high powerBd equip-

ment. Such equipment would decrease th~ use of outside antennas 

for tranamitter testing and thereby reduce the hazards asso-

ciated with free space irradiation in heavily populated areas. 

Theca drum loads are being developed for use with transmitters, 

having power outputs greate1r than 10 kilowatts. 

At Installation I the safety administrator w~rks with th• 

head project development eng i nAer in formulating a microwave 

safety program. The execution of the safety program is a joint 

effort on the part of the safety departn•ent and the project 



-15-

enginet!t· directly involved with the ptoblem. 

The program is generally similar to that at Installation G 

and iR well specified in a company directive. This directive 

outlines llreas of responsibtlity, and establisheR control over 

all equipment which generates or carries RF within any of the 

installation facilities. The saf~ty administration at Instal­

lati.on I has decided to establish a maximum exposure level to 

RF radiation of 1 milliwatt per square centimeter average pcwc~ 

density. This level was decided upon since it was felt that 

inaccuracies involved in the use of microwave field intensity 

surv!!y m~ters warranted an increase in the safety factor, and 

also because it was felt that thls level could btl ma.i..ntaiued in 

most instances without undue difficulty or expense. 

The department managers are given pr.ime responsibility for 

ensuring the safe operation of equipme~t. They also must see 

that the necessary coordination has been obtained with the 

facilities safety office prior to the operation of any RF 

equipaent. 

The project. engineer directly involved with the project 

is .:esponsible to the department manager for sub.nitting pet­

tinent operational characteristics data for the RF source to 

the safety office. These data include peak and average power, 

pulse duration, operating frequency, antenna dimensions, gain 
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and radiation pattern as well aB a calculation of the theoreti-

t:'~l t"'ntative outer limits of the radiation hazard zone. This 

calculation is made by u&u of the standard far field formula as 

specified j~ T0-31-1-80 (4). This serves as a basis for a pre-

liminary radiation control plan which may be used to decrease 

the hazard& associated with the initial measurements of power 

density. 

The project engineer must then assist the safety personnel 

in making power density measur~ments on the equipment. He 

must submit a final radiation control plan to the aafety offic~ 

for their approval. Copiea of the approved report are then 

retained by the aafety office and the project engineer. 

The power density surveys are performed by an environmental 

aurvey group that work& with the aafety office and the pro-

ject engineer. Four different type& of instrumtmts are avail-

able for theae aurvey~. The choice of inatrumenta ~epends 

upon the type of equipment being monitored aa well as u~n 

inatrument availability at the time of the survey request. 

Ionizing ra~iation aurveya are alao carried out according 

to tstanC1arC1 proceciurea and thtt L"''::l"'lc.i..iv&•• vf th.,. 

Reqiater are followed. All individual& who it ia thought may 

poasibly be exposed to ionizing radiation are iaaued film 

bradgea, and permanent dosage records are kept by thf~ safety 

office. There have been no aignificant expoaurea to ionizing 
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radiation recorded to date. 

Installation J 

Installation J is a remote missile tracking facility with 

one very high powered sourc(: of microwave radiation. The work 

at this installation is ma1•tly operation and maintenance of 

this radar equipment. 

There are approximately two hundred men eng~ged in RF work 

at this site. One hundred and forty-two of these men were 

examined along with sixty two controls. 

There are three large antennas located roughly along the 

perimeter of a 90° segment of a circle of one-half mile radius. 

These antennas are elevated approximately 20 feet, thus de­

creasing power densities near the ground. The total radi~ted 

power is in the megawatt region, but since large radiating sur­

faces are involved, extremely high power densities are not en­

countered in the vicinity of the antennas. 

'rhe antennas are located approximately one-half mile from 

the living quarters and main work areas, thus reducing the 

l i w~ J ihnn~ nf Rignificant levels vf environmental RF radiation. 

Metal enclosed corridors art: used for externill connecti.ons to 

the antenna buildingft, thus permitting access to these build­

ings with minimum exposure to rf radiation. 

A detailed radiation survey has been performed by a survey 
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team at the installation to delineate rf hazard aml controlled 

areas. This survey was also performed to compile data reqaru­

ing rf intensities within the safety fence which has baen built 

around tha rear of the antennas. The survey included all areas 

wiLhln the safety fence to •.-rhich personnel require access. 

Power density measurements were made at approximately fifty 

ground level !~cations in each of the three antenna sectors 

and also on the roofs of the transmitter buildings in front of 

the antennas. In all cases, field intensity measurements were 

made with calibrated RCA MI-30411 Field Intensity Meters which 

were specially designed for the microwave fre~~ency at this 

installation. The maximum intensity noted within an approximate 

two-minute period was taken as the effective level at that point. 

Horizontal and vertical components were measured separately. 

The measurements were used to designate controlled areas 

and hazardous areas. ~ controlled area is an area where the 

RF power density is between 1 and 10 mw/cm2, and a hazardous 

are~ is where the RF power denGitius are 10 rnw/cm2 or greater. 

Areas where the RF power denaity is below 1 mw/cm2 are not con­

sidared dangerous to pereonnel. 

The survey resulted in the specification of hazard areas 

between the scanner buildings and the antermas, and also at the 

front of the roofs of the buildings. Other roof areas and 
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ground areas around the antennas were designated as controlled 

areas and were posted with warning signs. It was recommended 

that :1ccess to these areas during operation of the radar genera­

tors shC'· .. ld be permitted only with a safety escort and RF pro­

tecth·e clothing. 

The interiors of the transmitter buildings adjacent to the 

antennas have been surveyed for RF and X radiation. Standard 

surveying procedures have been established such that each day 

o1:e of the transmitter modules is surveyed with a RF meter as 

well as an iot-.izing radiation meter. Those individuals who 

regularly work in close proximity to the modules wear film 

badges. The surveys in general reveal very low levels of RF 

radiation (i.e., microwat ts) and X radiation .. The a:.:·eas around 

the top of the module where levels of X radiation greater than 

10 mr/hr are encountered, are designated as radiation hazard 

areas and are posted with warning signs. All work in these 

areas must be performed with the guidance of a safety repre­

sentative who monitors for X and RF radiation . It is usually 

possible to turn off a specific module before commencing work 

sn that the danger of exposure is minimized. 

Inttlallation K 

The main use of radar at Installati.on K is missi.Lo:! track­

ing and area surveillance. The installation is composed of a 
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missile launching area and an associated military base located 

appx·oxin.ately 15 miles apart. There are six remote monitoring 

stations located on islands down range from the launching site. 

There are also four radar tracking ships located in the down 

range area. 

'.rhe initial sample has been chosen from the group working 

in the missile launching area and the military base. The over­

all operation of this installation is undertaker. by a civili::\n 

c.:.ntractor. The sample consists of civilians working for the 

contractors or s\:b-contractors and also a -, .. :oup of military 

personnel from the base. 

Safety representatives of the groups concerned, selected 

the personnel to be included in the exposed group. The selec­

tion was made on the basis of present association with radar 

equipment. This group, therefore, represents the majority of 

the radar workers at Installation K. 

The majority of the radar equipment is located in the 

launching area which explains the larger size of this group 

with respect to the group at the military base. In general, 

the exposure hi6tories indicate that the personnel exposure 

at the launching area is greater than at the military base . 

This is due to the fact that the missile launching group is 

composed mainly of civilians with more radar experience than 

the military group. 
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Approximately one hundzed and fifty individuals located 

on the down range islands and forty shipboard personnel have 

not been included in the present study. Of this group, possi-· 

bly 80% or more are radar personnel with pr~sent and past 

radar experience. 

The radar equipment located in the launching area is used 

primarily for search and tracking. It is generally high pow­

ered long-range radar with effective radiated powers in th~ 

kilowatt and megawatt regions. 

The radars are spread out over a larg~ area and are not 

near those areas where the majority of the non-radar per­

e.onnel work, thus decreasing the probab.:.!ity of exposure to 

these individuals. 

The radar equipment areas are fenced off for security 

and safety reasons, and areas of radiation levels approaching 

10 mw/cm2 are posted with warning signs. The standard rf 

hazard sign is not used in all cases to designate these areas. 

Ionizing radiation hazar~ signs have been substituted for the 

rf hazard signs in some locations. 

A special s~-contractor group has been formed for fre­

quency control and analysis of range operations at the missile 

la.unching area. This group undertakes the assessment of all 

rf radiation haz!'.:.ds in this area. 

This group has undertaken an analysis of rf power density 
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levels at the site in relation to ordinance devices, biological 

effects, and fuel. 

In regard to the biological effects of the rf sources at 

the missile launching area and the military base, calculations 

and measurements were made to delineate possible hazard areas. 

The distance from each instrumentation site where the power 

density equals 01: exceeds 10 mw/cm2 has been c~lculated for 

the level present in the main beam of the antenna. In many 

instance£, locations closer to the radiating source will not 

be eubje~t to the calculated power level since the antenna 

cannot irradiate the areas in question. The calculations, 

therefore, include this additional factor and allow a greater 

margin of safety. 

The calculations were performed by using the method speci-

fied in T.O. 31-l-80 (2). These calculations take into account 

the reduced gain of the antenna in the Fresnel Region and, 

therefore, also include a safety factor. 

The calculated levels were checked by a survey group at 

some of the radar sets by means of a power meter and cali-

brated antennas. In all cases, the measured V4lues were 

found to be less than the theoretically predicted power densi-

ty levels. In some cases where the fort.ulas indicated the exist-

ance of a hazard distance, actual measurement indicated that no 

I 

I 
I 
I 

I 
I 
I 
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hazard existed at any uistance from t~e antenna. 

It was concluded u ·.<.t, in order to avoid unnecessary risks, 

power den,.;ity levels which were suspected or observed to be 

equal to or greater than 10 mw/cm2 should be considered hazard­

ous areas. Normal access to these areas should be prevented 

by warning signs and personnel should be admitted to these 

areas only under eme•rgency conditions, and even then, for the 

minimum poE"sible d1..1ration. 

It is also stated that where test procedures required free 

space radiation, the radi ating device should be orientated in 

such a manner as to avoid directing the beam toward areas inha­

bited by the public or personnel. '!'he primary beam should be 

directed such that personnel in adjacent areas are not exposed 

to the main beam or to side lobes of the main beam. 

Additional surveys have been performed since the initial 

one to update necessary safety procedures, but not all sites 

have been surveyed at the present timP.. A survey of all 

e7Uipment not previously checked is proposed for the near 

future. This will provide a reference for the control of rf 

biological hazards for the entire install&tior • 

The equipment at the military site is used for search pur­

poses, communications, and to a limited extent, for track~ .ng. 

One installation, which is operated solely by the military, is 
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used exclusively for al= search purposes and ha~ an entirely sepa­

rate mission from the rest of the installation. The trc:trasmitting 

antenna associated with t.his equipment is housed in a radome. The 

power density levels in the radome are considered hazardous and 

acceaa to it during operati.or. is not permitted. Due to the need 

for continuous operation of this equipment, there are indications 

that personnel occassionally enter the radome d\•.ring operation 

for a short period of time (i.e., less than one minute). Ioniz­

ing radiation surveys hava been performed on the tranamitter and 

dosimeters have been issued. A microwave power density survey 

has been made on the roof of the control building and hazard 

areas have been designated. 

Overall access to this area is limited to those indivi­

duals assigned to the equipment. 

It appears Lhat, in general, exposures to microwave radi­

ation at this site and the launching area will be limited to 

those individuals directly involved with the radar equipment. 

Thic is not necessarily the case at the remote tracking staL1ons 

and on board ship. 

The overall safety precautions, and the awa_eness of the 

radar personnel to the exposure problem, appear adequate enough 

to preclude the occurrence of overexposure to microwave radia­

tion at Installation K during routine operations. 
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Installation L 

The sample location designated as Installation Lis a u.s. 

Navy vessel which is equipped with a nwnber of high powered navi­

gation, fire control, and search radar systems. The shipboar~ 

pe~sonnel includes an electronics group which operates and main­

tains the shipboard radar equipment. There are approximately 

fifty men in this group who etre directly involved in radar work. 

The sample of radar workers was chosen on the basis of the 

data obtained from the microwave history q~astionnaires, but there 

were certain limitations imposed on the sample selection since 

approximately one-half of the radar groups was on shore leave at 

the time of the examination. The majority ">f the rlll~ar group on 

duty at the time were examined. This grouswhich consisted of 

twenty-six individual~ was approximately age matched with a con­

trol group of twenty-seven non-radar shipboard personnel. 

The proximity of the radar equipment to all of the me~bers 

of the ship ' ~ ~rew had th9 effect of complicat i ng the select1on 

of a non-exposed control group. It was decided to select the 

control (whenever possible) from those personnel whose duty sta­

tions normally kept them below decks during operation of the high 

powered radar equipment. Although this p1ocedure was followed 

in selecting the c~ntrol group, it is not certain that all of the 

controls had not been exposed to sort18 degree of mic1:·owave radiation. 
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The majority of the radar equipment is located above deck 

level in the ship's superstructure. The higher powered equip ­

ment includee thre~ sets generating gteater than 500 kw ~ak power 

and one othe: set ganerating greater than 200 kw of rf powei·. The 

antennas are located some forty feet above deck level and are pro­

vided with cut off switches to prevent irradiation of personnel 

in other deck areas. The rf po•'ler densities in certain parts of 

the upper superstructure have been found by measuremE:nt, to ex­

ceed 10 mw/cm2. Personnel are normally excluded from these areas 

during operatio;\ of the radar gener~>tors. 

Measurement~ of power density are performed b7 a special 

group of nav~l personnel who make intermittant surveys when re­

quested or when excessive levels are suspected. No surveying is 

~e~rvrmed by shipboard personnel on a routine basis. 

Installation M 

The primary activities relating to microwave radiation work 

at Installat.lon M are research a.nd developm~nt, and traintnry of 

personnel in the operation and maintena.nce of military surface 

seftrch radar and microwave communications equipment. This instal­

lation is operated by the military. 

The sample of sixty-four microwave workors examined represents 

approximately 40% of the total complement of microwave workers at 

this site. The group was composed of twenty-one research and 
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development personnel, and forty-four personnel from the training 

division. A control group of approximate!~· the same Aize was 

selected for the two microwave workers' groups. The control 

group contained fifty-five non-radar workers. 

The radar equipment used by the training group is generally 

of moderate to low power (i.e.,<lOO watts average power output). 

The equipment which is located in close proximity to or inside 

the teaching areas, is noL operated on a continuous basis. 

The nature of ~he research and development work at Installation 

M precludes the release of information related to most of the 

equipment specifications. One long range radar set was in opera­

tion at the time of thP survey. This equipment, although of high 

power (i.e.,>lO kw) had been completely "'urveyed f•Jr r.f. power 

density without the detection of any significant levels. 
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MICROWAVE SAFETY PROCEDURES 

The opportunity has been afforded to observe the microwave 

safety programs in effect at the various installationo viAited 

during the course of this s~t1dy. As a result, it has neen possi­

ble to make some general obs.:!rvations relating tu these programs. 

No attempt has been mad~ to make specific recommendations relat­

ing to the microwave safety program at any one installation. 

In general, the type of program at a given installation varies 

according to the function and amount of eq-ipment and aldo to a 

certain extent upon the type of personnel responsible for micro­

\Olave s&fety. Individuals engaged in general safety or industrial 

hygiene work are often not intimately ~onnected with radar opera­

tions and frequently are concerned with a radar hazard when it 

is drawn to their attention by the individuals who wor~ with the 

radar. Satisfactory safety programs in this event depend upon 

close cooperation between these groups. It, therefore, appears 

desirabl~ to have an individual (or group of individuals) on "' 

supervisory level, whose concern and awareness of possible micro­

wave radiation hazards will result in proper cooperation between 

technical and safety personnel. 

A procedure which appears to afford a qood opportunity for 

the cooperation of safety and technical personnel would consist of 

a two step check on all radaL operations at a given installation. 
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The injtial analysis of the possible hazarda associated •'.'ith a 

given radar set could be made by the engineer directly in charge 

of the develop~~nt and/or operation of the radar set, at the 

request of his supervisor. 1bis analysis could be a theoretical 

analysis based on the known 0r expected generating characteristics 

of the equipment. The results of this analysis, which would 

serve as an indication of the> posE!ible degree of hazard associ ·­

ated with the set, would then serve ~s a reference for the ~afety 

supervisor. If so indicated by this initial analysis, safety pr•,:)­

cedures could immediately be decided upon and further analyses 

of the actual magnitudt! of the hazard could then be undertaken 

by safety personnel. rhis analysiz would consist of a power 

density survey and the specification of controlled access or ex­

clusion areas, properly designated as microwave radiation hazard 

zones. Consideration would also have to be given to the existence 

of X radiation in the vicinity of the r-f generating tubes. 

In a number of instances not"'d 1.hu ing this st\.tdy, it appeared 

that the lack of adequate exchange of information between safety 

and technical personnel may have resulted in undesirable condi­

tions. This was particularly true in the cases where radar sets 

were operated in areas which were remote from the main installa­

tion. The operating personnel at these remote locations, not 

being directly under safety supervision, may have had a grP.ater 

tendency to overlook t-.he microwave safety regulations . In some 
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Jnstanr,..q, again due to the remoteness of the locations, the 

safety procedures were not well defined. Therefore, it appears 

that responsibility for microwave safety bhould directly involve 

the technical supervisor ac the remote site as well as the inst~l­

lation's microwave safety group. 

The techniques and instrumenls used to determine microwave 

radiation power density levels at the installat~ons visited were 

found to vary appreciably. There does not appear to be any gen­

eral agreement among individuals engaged i"' microwave f'af~ty Clt1 

to the reliability or accuracy of the various commercially availa­

bhl J:OWer density measurinq devices. !n ,..ertain inst.ances, it 

has been found necessary to design microwave survey instruments 

to be used with a specific type of radar generatcr. Although 

this procedure may appear tu L~ an expensive approach, it may be 

necessary ~,der certain circumstances where accurate and reliable 

measurements are required. 

The moat striking lack of non-uniformity noticed amonq the 

safaty procedures at the various installations visited during 

this survey was the designation of microwave radiation hazard areas. 

Wi'\rning lights, buzzers, bells, and signs of va.r :...ous types were 

used to designate m~crowave hazard areas a~ these installations. 

The fact that different methods were used to draw attention to the 

exclusion areas does not appear to be a~ important ao tha lack or 
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uniformity in regc!'d to the marking of the radar hazard zones 

which could lead to much .. -, fusion among individuals, such as 

maintenance personnel, who are not familiar with radar operations. 

In some ca5es, ionizing radiation warning signs or high voltage 

signs were used to delineate microwave radiation areas. 

This lack of uniformity of designation of microwave hazard 

zones can most likely be attributed to a lack of information con­

cerning the existence of a stann~rd radio-frequency hazard sign. 

The s t~ndard warning sign, which is shown in Figure 1-1 , is 

worded "Danger RF Radiation Hazard." The lettering is in bright 

red and the background, a vivid yellow. In order to avoid confu­

sion, it is recommend~n that this sign be used exclusively to 

designate microwave radiation hazard areas. 

The general conclusion based on survey of microwave safety 

procedures is that the programs are adequate to prevent overexpo­

sure to rf radiation under routine conditions. 



II 

METHOD OF OPHTHALMOLOGICAL EXAMINATION 

The ophthalmological examination included history, visual 

acuity, slit-lamp examination of the lens and atoreo-photography 

of the lens. In addition, other ophtha~ological procedures 

s uch as tonometry, ophthalmoscopy and outline perimetry were 

performed when indicated. 

Part I Ophthalmological History 

The ophthalmological history was oriented towards gather­

ing information r~lating to her~ditary predisposition toward 

catarPct formation and in order to elicit past history of 

pathological conditions predisposing the patient to secondary 

cataracts. 

Part II Visual Acuity 

The visual acuity was recorded without eyeglasses and with 

eyeglasses where worn in order to determine any loss of vision 

due to cataracts. Whenever corrected vision was leas than 

20/20, ophthalmo8copy was performed to determine etiology. 

Part III Slit-Lamp BxJmination 

Slit-lamp examination was performed and the results were 

acor.dd and recorded in accordance with the protocc· eatabl~.•hed 

to evaluate the sub-clinical microscopic lena defects as noted 

by the Rome Bye Study Group. Five categories of •lit-lamp 

observation were defined. Minute defects, opacification and 
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relucency doacrir~ the microscopic :lppc;uance or Lhtt tuLal lttnw 

volume. Sutural defects and posterior polar defects desc:ribe 

specific regions of the lena. 

1. Minute dtfqclit- This r.atfi!''J"''"Y 1.nr.luded all defects 

~uch ~a granultta, vacuoles and tiny opacitie~ which are ordin­

arily too l'!lmall to be individually catalogued. 

2. Opacification- Beforo becoming clinically catarac­

tous, the lens undergoes changes in that either an irregularly 

diffuse cloudiness develops or discrete r.eq1on• of the .l.l!lna, 

bnrdering macroscopic d1men~1ona, become markedly opacified 

such as occura when increasec1 r.adial markin9• verqe on •poking. 

3. ReluctncK- Optical luminoaity occur• when tht btam 

of l19ht from the slit-lamp traverses tht lena and the various 

rtgione •r~.&ch a• the cortex to adult nucleus to fetal nucleus 

to adult nucleus to cortex may be distinquished from ont ano­

ther by the differing de9rees or hazin••• and the light re­

fleY.ta created by tht light beam. 

4. Sutural dtftctl- Thf!, sutures of the human lena can 

uau11J ly be obaervtd by alit-lamp txaminationa. Aa this region 

of t.he lena is promintntly involved in tXpeT iment 1 micro'.•ll'lVfl 

cataracts produced in certain laboratory animalo, it was manda­

tory to apecific~lly include this region of tht lena as a cate­

gory for inveatigation. '!'h1ckening, banding and atriation• of 
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the lens fibers of this region were noted as Autural defects. 

5. Posterior polar defects- The posterior subcapsular 

cortex, especially in the polar region, is a frequent ~ite and 

apparently a sensitive region ln the lens for early changes to 

occnr 1·egardless of the type of injury to the lens. rtoreover, 

in some cases of ion~zing radiation injury, it is pathognomonic 

for a doughnut-shaped subcapsular defect to appear and progress 

to the stage of polar, subcapsular cataract. 

~acn ot these categories of slit-lamp examination were 

graded on a relative scale similar to the method employed in 

uoing the slit·-lamp to evaluate the degree o.f flare or .number 

of cells in the anterior chamber in ehe following manner: 0 

for insignificant numbers of degree, 1 for small numbers or 

minor degree, 2 for moderate numbers or degree, 3 for lMrge 

numbers or major degree short of clinically recognized cataract. 

Part IV Stereo-photography 

Stereo-photographj• of every lens by means of the Donaldeon 

camera was performed as part of the routine examination. By 

this procedure, it was frequently possible to document macro­

scopic changes in the lens providing the plane of the lens to 

be photographed was precisely in the fr=al plane of the camera. 

The focal plane of the camera was determined by the examiner 
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vertically aligning two verging target lights in the plane of 

the patieDt 's l.ens that w&s to be photographed. This was accom­

plished b}' h~vinq the patient's head fixed in a chin-forehead 

reE!t. H'J was then instructed to stare directly ahead and to 

keep his palpebral fissure op~n. At this time, the camera oper­

ator, while viewing the target lights as they entered the patient's 

eye, adjusted the camera by first visually lining up the axis of 

the camera to the axis of the eye by moving the pedestal hold-

ing the camera to approximately the proper place. Next, the 

photographer h~d to adjust thP height of the camera so that the 

tan;et lights were approximately on a level with the axis of the 

lens. Following this, an adjustment was made in the horj.zontal 

meridian to aliqn the camera.with the axis of the eye. Finally, 

the target lights were broughtinto adjustment for the proper 

antero-posterior plan~ of the lens and at this instant, the 

~otographer tripped the silutter. 



III 

ESTIMATION OF EXPOSURE HISTORIES OF MICROWAVE PERSONNEL 

The questionnal.rc loJbich bas been described previously ( 3) 

was used tt~oughout the course of the study to reconstruct the 

exposure hi.:.t.ories of microwave workers. It was intended to 

separate exposed from controls and also t0 facilitate the group­

ing of exposed personnel into several classes according to the 

relative severity of exposure tn microwave radiation. 

The questionnaire, which consists of seven parts, is included 

as Appendix III~A. 

Part I 

Part I is an employmant record. This section attempts to 

obtain a complete account of employment in microw~ve wn~k and 

tho duration of employment at each specific job. The types of 

work are divided into five categories and the examinee indicates 

the number of months spent working in each category. The total 

duration of microwQve work as well as the duration of work in 

each category of employment are recorded. 

~'I: I 

Part II attempts to determine the existence and location of 

film ~adge records of ionizing radiation exposure t-,, the e'Kaminee. 

Part Ill 

Part III is included to take into account the possibility of 

X-ray exposure from high voltage microwave ganarating tubes. It 



-37-

is requested that the examinee indicate any work experience in­

volving high voltage generating tubes from which X-ray shielJiny 

had been removed. An indication of the time period& involved 

and transmitter tube voltages is request.ed to give a general 

idel\ of the magnitude of the oossible exposure to ionizing radi­

ation. 

Part ...!Y. 

In Part IV, detailed information regarding the principal 

types of microwave generating equipment wit:;. which the examinee 

has worked is requested. The following information concerning 

the parameters of microwave exposure is requested: 

a. type of equipment 

b. average power generated 

c. operating frequency or frequency band 

d. duration 

e. date of first exposure 

f. mode of power termination 

g. distance from equipment 

h. type of work 

Part v 

Part V regards the practice of looking into energized micro­

wav'!!> waveguides. Since this practice may result in direct expo­

sure of the lens to microwave radiation, it is considered of 
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importanc'l in this survey. The frequency of this practice as 

well as th3 average power being generated and the method of 

viewing the waveguide is recorded. 

Part VI 

Part VI is a record of the nunwer of times the examinee 

has physically sensed exposure to r.aicrowave radiation from 

the waveguide or transmission line. The average power and 

frequency of the source of radiation is requested. 

Part VII 

Part VII refers specifically to ~xposure to rf radiation 

from the antennas of microwave generators. Information re­

garding duration of work at different positions around the 

radiating antenna, as well as power and frequency specifica­

tion are requested. A question is also included to deter.mine 

the frequency of experiencing heating sensations as a result 

of antenna irradiation. 

In addition to recording exposure histories, the question­

naira has been used to assign a semi-quantitative exposure 

index to each examinee for purposes of dividing the exposed 

subject into two or more classes according to the ~ jvarity of 

their exposures. The scoring system ls shown in Tabla 3-1. 

The exposure index assigned to each employee is obtained by 

-- - --------------------------------------------------------------~ 
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taking t"te product of items 1 x 2 x •~ x 4 and adding this to 

the product ·:>f .5 x 6 x 7. With this system, it is possible 

to attain a maximum score of 81. 

As a c .sult of experience with the questionnaire and the 

exposure index, it: is now poAsible to critically evaluat"! 

its effectiveness for the gathering and categorization of micro­

wave exposure histories. 

Questionnaire Evaluation 

The main difficulty encountered in the use of the question­

naire to the inherent difficulties in an attempt to obtain 

information of the type sought. In many instances, the employee 

was not able to supply det111iled information regarding his work 

experiences eitl'1er because of a lack of knowledge, security 

restrictions, or inability to remember. This was particularly 

true of nonprofessionals such as technicians and operators. 

Some inconsistencies were noted in the answers to certain 

related questions. In certain cases, ambiguous wording in 

the questionnaire led to confusion and errors in the answers 

to some of ·the questions. A list of explanatory remarks which 

has been usad to clarify the questionnaire is shown in Appendix 

III-B. 

It became apparent after using the questionnaires that in 

most instances, extensive personnal interviews would be required 
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to get accurate and complete information. In many cases, inter­

v:lews were conducted in order to supplement the information 

obtained by use of the questionnaire. 

The data from the completed microwave history questionnaire, 

as well as from the separate eye scoring form, were transferred 

to a master code sheet. The details of the coding system used 

are given in Appendix III-C. In the coding process, it was not 

posaible to transfer all of the information from the history 

questionnaire. In certain cases, therefore, the information 

from the questionnaire was categorized ~nd then coded. 

The information was then transferred from the code sheets 

to IBM cards to facilitate subsequent statistical analysis 

by means of a computer. 



IV 

STATISTICAL ANALYSIS OF THE 

RELATION!.HIP BE'IWEEN EYE SCORE, AGE, AND ENVIRONMENTAL FACTORS 

1. Sample Analysis 

A. Ala • requency Distribu.ll2!1... 

Th~ ~ge frequency dist~ibutions of the microwave workers ' 

group and the control group are imp?rtant because they are one 

means of judging the similarity of the two sample groups. Ide­

ally, for a study of this type, an exact man-for-man age match 

of exposed to controls would be desired. This type of age 

matching would eliminate the element of bias due to differences 

in age frequency distributions. tmfortunately, due to sampling 

restrictions attributed to the difficulty of obtaining ade­

quate controls, it was not possiblu to age match on a man-to­

man basis. This resulted tn the sel•!ction of a control group 

which is approximately 14% smaller than the microwave workers' 

group and, in spite of the generally good agreement between 

mean ages of the two groups (i.e., i exposed= 32.76, X con­

trols • 33.20), there are differences in the age frequency dis­

tribut.ions. 

~e age frequency distributions of the exposed (microwave 

workers) group and the control group are given in Table 4-l 

and thEl relative frequenc:y histogram of the age distributions 

is sho~m in Fiqure 4-1. 
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A comparison of the shapes of the relative freq~ency histo­

grams reveals that these distributions are n~t as similar as 

wuuld be desired. There is a noticeable peak in the exposed 

group distri~ution in the age range of 26 to 30 year~ which is 

flbsent in the contrul group. '.i'here is also a noticeable dif­

ference in the distributions in the age range 41-45 years of 

such a nature that proportionatly, more controls fall into 

this age group than exposed (i.e., 11.5% vs. 8.2%). The effect 

of these dissimilarities can be overr.ome to a certain extent 

if the statistical a~alysio is age adjusted but in the event 

that there is no age adjustment, the results may be affected. 

This ~ge effect will be turther discussed in section IV-3-F 

where its influence in the Chi-square analysis of the indivi­

dual eye score categories is considered. 

B. Eye Score Frequency Distribution 

The relative frequency distributions of the eye scores 

for the two groups are presented in T~ble 4-2 and shown in 

Figures 4-2a and 4-2b. In both ~posed and control groups, 

the rolative frequency histogram indicates a bi-modal distri­

bution of eye scores with peaks at score 4 and 8 for the ex­

posau and 4 and 7 for the controls. A minimum exists between 

these peaks at a score of six in both instances. This bi-modal 
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distribution indicates that one or more of the individual eye 

score categories is distributed differently from the others. 

This possibility is supported by the distributions shown in 

Figures 4-6 tJ 4-10. Analysis of the individual categories 

reveals that the dis1 .. ribution of posterior polar defects dif-

fers appreciably from the other categories in that the maximum 

relative frequencies are found at a score of zero. This, there-

fore, appears to explain the shape of the relative frequency 

histogram since the increased frequency of zeros in the poster-

ior polar defects category has the effe~t of auper-impoaing a 

peak at score four on the total relative frequency eye &core 

histogram. 

c. Exposure Score and Duration of Microwave Work Frequency 
Oiatributions 

The relative frequency distribution& of expoaure acor~ and 

duration of microwave work are given in Table 4-3 and 4-4 ~n~ 

are ahown in Figure& 4-3 and 4-4. 

The relative frequency distributions of exposure score and 

duration of microwave wo~k, with the exception of category one, 

are generally similar in ahape as would be expected since they 

should be correlated. The difference in category on= is most 

likely attributable to the ex=luaion of a number of individuals 

from the analysis whose exposure score was less than or equal 
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to three. The exc J.us ion fron• the sample was baaed on the incom­

pleteness of the exposure information for those individuals. 

The median duration of rnicrow11ve exposure for the sample 

ia approxi•••ately three and one-half years. Thirty-seven per 

cent of the sample has worked three years or leas in microwave 

employment and the greatest relative frequency occur• in the 

0-19 month category. In effect, therefore, a aiqnificant frac­

tion of the sample of microwave workers consists of individuals 

who might not be expected to be truly representative of the 

population of chronically exposed m1crowave workers due to the 

short duration of microwave employment and the generol aware­

ness of microwave hazards during their employment. Since an 

estimate of the average duration of microwave work in the total 

microwave worker population is not available, it is not possi­

ble at this time to determine how representative this sample is, 

but it dnea not seem that the results obtained from the study 

of this sample would overestimate the difference in the frequency 

of minor lens defl!ctR existing in the total population nf micro­

wave workers as compared tn non-microwave workers. 

D. ~b Cltlfification Diatrib'ytion 

Th~ frequency distribution ~f type~ ~f microwave work is 

given in Table 4-5. The three main job classifications encountered 
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in thie "urvey are ( 1) operation of microwave equipment pllls 

installation maintenace ~tnd teet Jl'}t., ( 2) inetallation and 

maintenance 29~, and (3) research a~d development 12~. 

Since th~se three cateqories of employment include the 

main typP.a of microw~ve work which could be expected to re­

eult in microwave radiatiO!l exposure, it appears that the 

sample is well balanced In reqard to the types of worker• 

examined. 

It is not poseible to state th~t this frequency distri­

bution is representative of the qeneral microwave population 

since the overall job catequry frequency distribution for the 

total microwave population is not presently available. 

E. X-rav Exposurt 

The fact that an individual did or did not wear a 

film badqe is nrJt r1ecessarily an indication of whether he 

was exposed to ionizing radiation. It is well known that some 

microwave workers hava worked u•ar inadequately shielded gen­

eratina tubes without their having been provided with film 

badges. It is also well known that conservative managements 

provid•l film bad~ ·. •• in l'l'any instances where minill&l or no 

possibility of x-r.ay exposure eAists. 

Of the total sample, about 17~ indicated that they had 

worn film badges at one time or another, A total of 43% had 
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histories whi~h suggested the possibility of some exposure to 

ionizing radiation. 

2. Statistical Analysis c>f Microwave Lens Data 

A. ~ummary of Total Lena Score Data 

The data obtained frotn the examination of the lenses 

of a total group of 736 microwave workers and 559 controls 

has been aub.i e r.ted to linoar regression analysis. This analy-

sis reveals that the regression of eye score on age differs 

significantly for the two groups. At all a~~s consider6d in 

thil study, the exposed group hnd the higher mean total eye 

score. It was also found that the rate of increase of these 

minor l~ns defects was •ign~.f1cantly greater in the exposed 

group, thereby resulting in increasing differences in mean 

eye score with increasing age (see Figure 4-5). 

B. Statistical Analvsit 

The linear model s~lected for the analysis of the 

expoMeu and control groupe is: 

Expected value of Y • ~ • ~0 + ~l(X-X) 

Estimated value of ~ • 9 • b0 + bl(X-X) where, 

Y • eye score 

X • aqe 

~----------------------.....J 
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~0 , ~l = tegression coefficients, and b0 , b 1 ~re their 

"least squares" P.Rtimates. 

1) Exposed Group 

~e • 0.6376 + 0.1814Xe 

and 

("Ye) s = standard error of th~ estimate = 

= ±sp !. + (Xe-Xe)
2 [.. ]~ 

Ne SXXe 

= ±o.06389 (at Xe = Xe • 32.765 yrs.) 

2) Control Group 

" Yc • 0.9670 + 0.1584 XC 

and 

., ± [1 
S "· Sp -; + 

"·c 
m ±0.0745 (at XC: XC: 33.2075 yrs.) 

A plot of these equations is shown in Figure 4-5. The ago 

range of the plot has been restricted to the age range of the 

individuals included in the study (i.e., 20 to 60 years) and 

th~se relations apply to this range only. 

A test was performed to determine th~ statistical signifi-

cance of the difference in regression coefficients (i.e. 1 ~ 1 •s) 

and it was detern1ined that tltese coefficients arc; d1fferent for 

the exposed and control groups at a level of significance of 
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2.5% (i.e., P<0.025). (See Appendix IV-A). 

This difference in regression coefficients has the effect 

of increasing the difference in exposed and control ,roups with 

increas~1 age. At twenty year~ of age, which is approximately 

the age at which an individua~ commences work in the microwave 

field, there is little if any difference in the mean eye score 

between exposed and controls, t · ~ with progressive exposure to 

microwave radi~tion, this diffsrence tends to increase. 

In orner to determine the statistical validity of the dif-

ference in mean eye scores between the two groupe, a specific 

age was sel~cted and the hypothesis that there wan no aiqnifi-

cance to the difference in the eye s~ore at that age was then 

tested. This hypothesis was rejected at a .05% level of sig-

nificance (P< .0005) when tested at the mean age of the two 

groups. (See Appendix IV-B). This implies that a atatisti-

cally highly significant difference in mean eye scores was 

detected in this study. 

~. Analysis of the Data from the Group Examined After October, 
1961 (1.~., Since the Last Report) 

The data from the group examined since the last progrese 

report (i.e., October, 1961) was analyzed in tl.e anme manner 

ash total group. T:le following results were obtained: 



1) Exposed Group 

1\ 
Ye = 0.0890 ~ - 0.1606Xe 

and 

" s = ~tandard error of the estimate (Y
8

) 

= ±sp 0.!. + JJCe-Xe>i"l ~ 
Ne SXX8 -J 

• ±o.09130 (at X8 • xe = 31.5096) 

2) control Group 

~c = 0.9753 + 0.1323Xc 

and 

s = ±o.l054 (at xc = ic = 34.3163) 

---------------------- ----

These equations were plotted as shown in Figure 4-5-b and 

it is noted tlat, due to the greater value for the regression 

coefficient for the exposed group, and the slightly lower mean 

eye score at the lower ages, these two graphs intersect with 

the exposed group showing the greater mean eye score at greater 

age values. 

The difference in the values of the regression coefficients 

(i.e., ~i's) waa subjected to a statistical test and it was 

found that the diffAr.~~ce calculated for these groups was sig-

nificant (P<O.OS). (See Appendix IV-C). 

The difference in mean eye score for the two groups was 

alsQ tested at two ages. It was found that the difference in 



mean eye score for the two groups at the overall mean age of 

X • 32.7133 was not significant but the difference at X= 60 

years was found to be significant (P<O.OS). (See Appendix IV-D). 
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4. Individual Eye Score Category Frequency Di11tributions 

The total eye score has been broken into i ·ts five components 

and the frequency distributions of each have been determined as 

shown in Tdble 4-7. There are some noticeable differences in 

the distributions of some of the classes of lens defects, which 

may be an indication that some of these categories of lenticular 

imperfections are associated with microlo\•ave exposure. 

Because of the limitations of the scoring system, for the 

individual categories, (i.e., only four possible scores: 0,1, 

2,3) a rigorous statistical analysis, of the type used above, 

would not be too meaningful in the determination of the signi-

ficance of these differencea in individual category scores. 

The data was therefore eubjected to a chi-square ar1alysis 

in which the significance of differences in the distribution 

of exposed and control group scores in each categQry are de-

termlned. The chi-square values for the five lens categories 

are shown in Table 4-8. 

A. Minute Defects 

' The mean minute defects score for the exposed group ia 

sli~htly greater than for the control group (i.e., mean score ex-

posed group = 1.666: mean score control = 1.618). The chi-

square value is 2.6~0 with 3 degrees of freedom. 'this value 
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is not significant: at the 5% level (t'>.OS), and the tili~lac ~H­

ference in minute defects between the exposed and control groups 

is shown to lack statistical significance. 

B. Q?acification 

The mean .Jpacification score•• for the exposed and con­

tJ;·ol groups are 1.58 and 1.47, respectively. The chi-square 

value is 10.2 which indicatee that there is a difference in the 

distribution of opacification scorea which is significant at 

the 2. 5% level ( P <. 025). Since the •~~posed group has the 

greater mean opacification score, this difference may possibly 

be related to the specific effects of microwave radiation on 

opacification changes i.n the lens. 

c. Re lucency 

The mean relucency score for the exposed group is 

1.56 compared to 1.54 for the control group. The chi-square 

value for relucency is 0.207. This value is not significant 

at the 5% level. 

o. Sutyral Qefects 

The frequency distribution• of sutural defects for 

the expo1ad and control group• show no obvious differences in 

shape. This i1 also noted in reference to the mean score• which 

are very nearly equal. The mean sutural defect• scores are 1.19 
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and 1.21 for the expoaed and control groups, respectively. The 

cn1-square value is 1.075, which is not significant at the 5% 

level. 

E. foaterior Polar Def~~ts 

The aha~e of the posterior polar defects histograms 

indicate that th~re may be a more appreciable difference in 

the relative number of posterior polar defects between the ex-

posed and control group than any of the other minor lena defect 

categories. The skewed distribution of posterior polar defects 

among the exposed and controls is the only distribution of 

this configuration noted in any of the lena categories. The 

increased frequency of zero suggests that posterior polar im-

perfections occur relatively infrequently in comparison to the 

other types of lens chang-.. not.U in thia study. 

Fifty-two per cent of the exposed group and 63% of the con-

trol group received posterior polar scores of zero. The sutural 

defects category, which has the next highest percentage of zero 

acorea, shows 10% and 9% zero dcores for the exposed and con-

trol group respectively. This indicates that on the average, 

at ~east five times as many individuals (either exposed o~ con-

trols) will have insignificant numbers of posterior polar defects 

as compared to the number having insignificant numbers or degrees 

I 
I 
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of other lens changes (i.e., minute defects, relucency, sutural 

defects, opacification). 

There also appears to be a marked difference in the posterior 

polar def~cts of exposed and cnn~rol~. The percentage of exposed 

individuals with posterior polar defects scores of two or greater 

is 13% compared to 3% for the controls. Therefore, it is on 

the average,about four times more probable that an individual 

who receives a posterior polar defects score of ~wo or greater 

is a member of the group exposed to microwave radiations. 

The chi-square value is 38.540. This value is highly sig­

nificant (P<.OOOS) and is suggestive of a relative degree of 

specificity of this type of lens change for microwave rftdiation 

exposure. 

F. Discussion and Conclusions 

The chi-square analyses performed 111 this section un­

fortunately do not take into account variations in the mean 

ages or age distributions of the exposed and control groups. 

However, since it has been demonstrated in a previous section 

of this report that the average number of these minor lens 

defects increases with age, it would be expected that a qroup 

of greater mean age would have a greater number of minor lens 

defects irrespective of microwave exposure. In this sample, 
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ae discussed in section !V-1, the con~rol group has both the 

greater mean age and th.e greater proportion of o lder individuals 

which should have the effect of decreasi.ng any actual difference 

in the two ~roups due to microwave exposure. If age adjustment 

were ml!de, the chi··u1uare values would be expected to increase 

due to this effect, but it ia improbable that the significance 

of any of the results would be altered. 

The results of the analysis, therefore, suggest tt~t the 

lena categories which may be indicators of exposure to micro-

wave radiation are po:sterior polar defects and opacification. 

The other categories (i.e., sutural defects, minute defects, 

and relucency) have not been shown to differ in the exposed 

and control groups analyzed in this study. 

5. Analysis of the Feasibility of Periodic Lena Examinations 

to Monitor Microwave Exposure Effects 

An ana:Lysia has been performed in an attempt to or r:.eraine 

the feasibility of periodic lena examinations, of the type 

described in this study, to monitor the microwave exposure 

effects on a group of microwave workers. The possibility of 

such a procedure is suggested by the progreaaive increase of 

lena defects with age noted in the analysis of the data. Since 

the average number of lena derects in the microwave workers' 

group has been shown to increase more rapidly than the 
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contrCJla, the difference in the leruuoo of these two ~ruulJfll would 

be expected to increase with time at a rate related to the de­

gree of expoaure to microwave radiation. 

In ~~e determination of the fea~ibility of period lens 

examinations aa a meana of moni~oring microwave expoaure effects, 

1t ia necesaary to conaid6r the variation of the difference in 

mean eye acore of the exposed and control group with time. An 

estimate of the expected incr~aae in the difference in mean eye 

acorea for expoaed and control groupe, 6 , may be obtained by 

conaidering the difference in the regrea11ion coefficients esti­

mated by th~ total aample data (i.e., b1 • 0.1814, be= 0.1584). 

The eatimated expected difference per year ia therefore 0.0230 

~ye acore unite. In order to be reasonably certain of detect­

ing an increaae in the difference in mean eye score for the two 

groupe, an interval muat be choaen which reaulta in a change 

in thia difference which ia aignificantly gre~ter than the ex­

pected variance in the measllrementa. .L'he det.aila of the analyais 

are preaented in Append1x IV-B. 

In the ca•e of the total group of 736 microwave worker• and 

559 ccntrola, a minimum obaervation interval of 16.5 yeara be-

tween examination& would be required to datect true expected 

increaae in the eye r.core difference of 0.38 aye acore unite with 

a 0.8 probability. If the group were compoaed of one hundred 
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microwave workers and one hundred controls, then the probability 

of detect 1.nry th.ia same increase would be only 0. 2 and an in~er.­

val of forty-three yo~rs between exam1nationa would be required 

for a 0.8 J. .obability of detection. Correspondingly, if a 0.9 

probability of detr.:ction were desired, then an interval of 19.5 

years would be required for the above combined group of size 

l, 29!) and an interval of fi.ft.y-three years would be required 

for the group of ~i . · f ' two hundred. 

It is evtdent that the length of the interval between ex­

aminations, in all of these cases, is of such magnitude that 

the uae of thir. technique to monitor exposure to microwave 

radiation does not appear to be feasible for a group such aa 

th~ one selected for this study. However, in a group of micro­

wave workers in which the average exposure waa greater than in 

this group, the mean number of minor lena defects should diverge 

more rapidly from the control group, thereby permitting the 

observation of a significant change in a reasonable length of 

time. An exposed group of this kin~ of the necessary s1ze, 

would unfortunately be difficult to assemble and even more diffi­

cult to follow over any length of time gt·cater than a few years. 

Increasing the size of the group would decrease tl•~ time betw~en 

examination•, but i.t would also make control over the sample 

much more dlfficult even for short periods. 
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The increaae in the difference in minor lena defects for the 

exposed and contro l group8, although not appearing to offer a 

teaaible monitoring proced'.lA in thia inatance, could poaaibly 

be of val~e if ~ more aenaitive, non-aubjectiv• &netbod of deter­

mining the rate of increaae of minor lena detecu wiLl. age could 

be developed. This ayatem could be applied in such a manner 

that the expected increaae in mean eye acore tor a large group 

of "avere.ge" microwave worker• would aerve a.!'J a baaia for com­

pariaon of any ot.her group of microwave workers at a given in­

atallation. SJqnificant deviations from the expected eye score 

at a given time would be an indication that some or all of the 

microwave workers at an inatallation were being exposed more 

than the average and depending upon the maqnit~de of t~e devi­

ation, corrective action might be indicated. 
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OPHTHALMO.LOGlt.:AL OBSERV-'TIONS OF SPECIAT, 

CLINICAL S IGNIE'ICANCE 

During the course of performing the alit-lamp examinations, 

several pP~ienta exhibited findings meriting special considera­

tion. Most of these have beon reported previously (3) and, at 

this timep follow-up report is available for two of them, --one 

exhibiting intumescent lenses (A) and the other exhibiting 

microwave cataracts (B). 

A. Intumescent Lenses. Follow-up 

A one year follow-up examination was obtained on one 

of the b:o individuals with a finding of bilateral intumescent 

lenses. This individual had received an accidental exposure to 

levels of microwave radiation which are said to have substan­

tially exceeded 10 ~illiwatts per square centimeter. This ex­

posure took place the week prior to the original examination. 

Two days after the original examination, hi& lenses were no 

longer intumescent and appeared normal. One year later (during 

whtch time this man continued to work as a microwave employee), 

re-examination revealed that both lenses were normal and no 

evi~ence of pathology was present. The posterior polar subcap­

sular cortical regions of his lenses were unremar.olble at both 

exami.nations. 

B. Micrgwaye Cataract, Follow-up 
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This patient was seen in con~ultation and, therefore, 

not il"lcluded in this statlstir.al study. Howavoer, as h~ demon­

strated l'ln Parly clinical sj age of microwave c8t.aract formation, 

his case w . . .i mentioned. Follow-up ~~!.!!!!!"!~':ion revealed that 

Ute inunature cataract r-f the right eye had progressed to hyper­

maturity and that the incipjent catar~ct in hi~ left eye had 

progressed to the stage of immature cataract. In the incipient 

and i~ature stages of development of these cata~acts, the poster­

ior polar subcapsular cortical regions of both lensee ~·!~re unre­

markable. 

c. Micro1110ave Cahract. Nt-w ·:;l;oe 

A second patient seen in consultation and therefore not 

included in this statistical study was examined and found to have 

microwave cataracts, the right eye more ad•.ranced than the left. 

It has been estimated by the aafety peraonn~l at this patient's 

place of employment lhat the probability ex.i tl t.a of repeated short 

duration exposures to levels of microwave radiation exceeding 

several hundrsd milliwatt& per square centimeter and that his 

cumulative exposure to ionizing radiation was leas than 1 roent­

gen. 

A good continuing rollow-up examination sched· le has been 

maintained on this pat~ent. The cataract of his right eye 
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developed to the stage wher e surgical correc:tion was required 

and the cataract of his left eye has not yet progressed t.o thJ.s 

stage of development. At no examination has the posterior polar 

subcapsular cortical region of ei.ther lens been noted to be 

pathological. 

D. Unrelated Op~~lmo~~tl Findings 

It is of interest. to note that no eye abnormalities, 

other than those normally expected in a gr?up of this size, were 

encountered. A random appearance of such conditions as amblyopia, 

trauma, etc. occurred. In ctddition, two unsuspected cases of 

glaucom~ were discovered by means of these examinations. 
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DISCUSSION 

A. 'l"he principal objective of this study has been to deter­

mine whether or not personnel currently employed as microwave 

workers we~ ~ developing cataracts at a greater rate than a si~i­

lar popt1lation not so exposed. 

It is important to bear in mind ·chat, at no installation, 

was it possible to establish exact qualitative data concerning 

past expoaure to microwave radiation. Thus it was meaningless 

to attempt a quantitative analysis of the actual levels of 

microwave exposure. 

All that m~y be stated concerning the personnel examined in 

this study is that the population c~n be divided into two groups, 

nautC!ly, microwave ~t.'Orkers and approximately age-matched controls. 

Moreover, i t is also apparent that the group of microwave workers 

may well not be a truly representative sample of all personnel 

employed in microwave envir·onmAnta. 

Due to these limitations, it is not valid to draw any gen­

eralized conclusions concerning whether ot· uot 10 milliwatls per 

square centimeter is a permissible level of microwave radiation. 

The only questioh concerning this standard is whether or not 

personnel known to have been exposed to higher levf-S should be 

excluded from th~s survesy b~cause it is known that acute lens 

L---------------------------------------------·----------........................................................... .. 
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injury can occur from higher levels c.nd that, subsequently, one 

cannot ai.Lribule observations on such .i.uU.iv.l.uuals to chronic.· 

effects. The procedure d•:~cided upon in this study was th~re­

fore to e'~clude individuals who were known bef•:>re hand to have 

sufferod acute lc11s injury due to microwave exposure. 

Fortunately, no case of microwave cataract was row•d in this 

study. This is not to be construed so as to indicate that micro­

wave radiation may not produce cataracts. The etiology of micro­

wave cataract appears to be thermic in nature and the pathogenesis 

of this type of cataract will be reported in a separate publica­

tion. 

B. In III ESTIMATION OF EXPOSURE HISTORIBS OF MICROWAVE 

PERSONNEL, the inaccuracies of this method of reconstructing ex­

posure histories are discussed. Moreov~r, ~ liat of explanatory 

remarkr. to clarify the questionnaire was required and interviews 

were finally conducted tor many but nul all of the sample. In 

the coding process, it was not possible to transfer all of the 

information independently so that certain of the information was 

categorized. A semi-quantitative exposure index was obtained by 

taking the sum of two multiplicand products. However, simple in­

spection of the factors and relative weight in Ta.le 3-1 shows 

that this system of scoring exposure is inadequate in Gome respects. 
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C. In IV, STATISTICAL ANALYSIS OF THE RE~TIONSHIP BETWEEN 

EYE SCORE, AGE AND ENVIRONMENTAL FACTORS, it becomes apparent 

that a number of questions have arisen in analyzing the data. 

Although many types of mathematical models c~uld 

have beE'n selected, the lb:ear Axpression was chosen because 

p.r.:.l.i..n•inary studies suggested such a relationship (3). Fur­

thermore, it has been shown that this is the must feasible 

model to 'express the aging process for other physiological 

functions ( 5) • 

2. It is stated that the age frequency distributions 

of the exposed and control group were not ideally age-matched 

and therefore, although the mean ages of the two groups are in 

fairly good agreement, there cannot be a complete negation cf 

this effect even by age adjustment.. This is not an insignifi­

cant factor when dealing with a mathematical model, but since 

the dissimilarities are of a nature which would tend to de­

crease the true difference in the two groups, it is felt that 

this effect will not decrease the statistical significance of 

the analysis. 

3. The eye score relative frequency distribution histo­

grams indicates a bi-modal distribution with a s: ..• :ead of four 

units for exposed and three units for control. It is stated 
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that th.is bi-modal distribution reE~ults from the posterior polar 

category having a different histogram from the other c3tegories 

so that it has the effect of ~uperimposing a peak at score four 

on the t• . cal relative frequfmcy eye score histogram. Inspection 

of the other hiE tograms re,•eal ... that for both exposed and con­

trolled groups the average score for minute defects is approxi­

mately 1~, the average score for opacification is slightly more 

than 1~, the average B<"'ore for relucency is slightly naore than 

1~ and the average score for sutural defects is slightly more 

than l. Therefore, the maximum peak score to anticipate by 

this line of logic is 6 to 7 (the approximate sum total of the 

average S\':l)re for minute defects, opacification, relucency and 

sutural defects). 

One must consider the pol!!lsibility that an unweighted summa­

tion of individual lens acore categories to form a total score 

for an individual i.s inadequate .. It should be noted that although 

the bi-modal distribution of eye score does raise some question 

regarding the summation procedure, a bi-nodal distribution does 

not necessarily rule out the procedure of taking an unweighted 

summation of the individual eye scox·e categories. Furthermore, 

on the basis of available information, this meth J is the only 

feasible mann£r in which to express the data. 
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4. Exposure score and duration of microwave work are 

generally similar and .it is stated that they should be correlated. 

Thus the higher the exposure score, the more likely the individual 

belongs to a chronically eXF'Jsed portion of the microwave sam­

ple. 'rhe only sample of a group with high exposure scure can 

be found :ln Figure 4-8 of RADC-TN-·6.1-2~6 (6) which contains the 

graphs of eye score vs. age for a sample of fifty exposed per­

sonnel each of whom had an exposure score of more than twenty­

five and fifty age-mat.ched controls. It becomes evident that 

this too is a seemingly contradictory res~lt. Although this 

finaing was not considered to be of much importancA statisti-

cally, it should not be completely dismissed from consideration. 

5. The analysis of the data froan the group examined 

after October, 1961 (i.e., since the last report) is depicted 

in Figure 4-5-b and it noted that, due to the greater value 

for the regression coefficient fer the exposed group, and the 

slightly lower mean eye scor.e at the lo';ler ages, these two lin­

ear regression graphs intersect with the expoaed group showing 

the greater mean eye score al greater age values. TWo ages were 

chosen to test the difference in mean eye score, the over~ll 

mean age of 32.7 years, where the difference was not signifi­

'-ilnt and the projected age of sixty years where the difference 

of anticipated mean eye score was found to be significant. 
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However, the findinq that t.he mean eye score at the younqer than 

thirty-two qroup dtffered from expected in that the exposed gr~up 

had lower mean eye score& Lhan the control qroup wan not consi­

dered at-normal in thi!! instance because in linear reqreasion an­

aly~os such findinqs are not unexpected since the difference of 

lower ages is not statistically siqnif1cant. An analysis of 

these findinqs would not be critical if the possibility of an 

inexact mathematical model selection wa1J not auqqestect. 

6. The total eye •~o~e was broken down into its five 

components and the frequency distributions of each were deter­

mined. It was stated that because of limitations of the acor­

inq system (i.e., only four possible acoress 0,1,2,3) for each 

cateqory that a riqorous statistical analysis of the type used 

for the total lena score would not be too meaninqful in the deter­

mination of the siqnificance of these differences. The data 

was therefore subjected to a chi-square analysis wherein the 

cateqory posterior polar defects was found to be the qroup pre­

dominantly responsible for differences found between exposed 

and control qroups. 

D. A critical evaluation of the alit-lamp examination re­

veals that no clinical cataract was found \valhc.oqy of the lena 

resultinq in reduction of visual acuity). TWo individuals of 
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the exp:>sed group each wet·e found to have a monocular incipient 

cataract (sub-clinical pathology of a portion of the lena with­

out reduction of visual acuity). In addition, two other e~po~~d 

individual~ were found to have temporary bilateral intumescent 

lenses (both of them were accidentally exposed to massive amounts 

of microwave radiation and u question arises as to whether or 

not they technically belong in this study). In none of these 

four ~ndividuals was any pathology noted in the poaterior polar 

subcapsular cortex. 

1. Posterj.or Polar Defect11. The posterior polax· de­

fect category requ:Lres discussion at thitt point. By definition, 

it is a topographical region of the lena situated along the axis 

at the poster1or cortex between the posterior suture and the cap­

sule of the lens. It is a frequent site for patholt~y.i.c.al change 

including that due to ionizing radiation. !specially for the 

latter reason, it wac included as a category in the examination. 

However, no posteric,'-· •ubcapsular t:-~tl!!"'!cts •"ere encountered in 

thio study. In exa1nj.ning this region of the lens, or.€1 is in­

llpecting it by look.ing through the anterior cortex, the adult 

nucleus, the anterior suture, the fetal nucleus, the posterior 

suture and the posterior adult nucleus. Bach of t~eae structures 

alters the light. beam that is illuminating the posterior cortex 
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and also affects t.he refr11ction of the examiner. If the pathol-

!.;;; praaent in this re<;ion and the intervening len.s is clear, 

it is not difficult to .ietermine the nat·.1ra an.d extent of the 

pathology. However, if no visible pathology is pr&aent jn the 

posterior polar cortex, i.t otppears that this is not a rt~liable 

site for quantitative anal~sis. 

The other cateqories of the slit-lamp examination ~ppear 

to lend themselves to semi-quantitative evaluation. 

2. Minute Qeftctt. One of the compellinq reason• for 

inttitutinq thil ttudy wa1 to determine whether or not a rela­

tionship exiat1 between imperfection• tuch at qranules, vacuoles 

and tiny opacities in the lent and microwave exposure. Bxamina­

tion of the hittoqram for minute defects and evaluation by meanR 

of the chi-tquare analytil indicate• that there is no tiqnifi­

cant difference between expoted and control qroup1. 

3. Opacifiration. In any ttudy of cataract formation, 

it it detirable to attempt to ettimate the deqree of opacifica­

tion. By chi-tquare ana~y•i• there was a auqqettion that opaci­

fication may be an indicator of expoeure to microwave radiation. 

However, examination of the hittoqram doe• not unequivocally 

indicate thil to be true. Subtequent to the oriqin of this study, 

fortuitous examinatior, of four human lenses (two individuals) 
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displaying various degrees of microw~ve cataracts has revealed 

that the basic pathology tftkes place in the capsule surrounding 

the lena and ';hat the r:apsular pathology reduced the visual 

acuity yea.:a before the lens substance becomes opacified. 'l'hia 

finding was so marKGd that the diseased capsule could be readily 

identified by direct inspection without the need of magnifica­

tion and light beam provided by the slit-lamp. However, detailed 

slit-lamp examinations were performed and years intervened from 

the time of exposure before any measurable opacification of the 

lena substance took place in two of these lenses (one from ea(:h 

individual). The other two lenses, at last inspection, still 

exhibited no opacification of the lena aubstan~e in spite of 

slowly progressing capeular changes. 

4. Relucency. .b the lena substance itself becomes a 

secondary luminaire when illum~nated by the light beam, this 

luminesc~nce was examined ~y estimating the degree of relucency 

of the light beam in the l•ns. The assumption was made that 

chanqea in relucency might antedate opacification and thus 

alterations in the degree of relucency might prove to be an 

ind~. cator of metabolic change in the l•n•. However, not only 

has no significant difference between exposed and • .~ntrol groupe 

been elicited but also this teat has not been of any value wl1en 
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applied to the above-mentioned micr\)wave cataracts. 

5. Sutural Defects. As mentiont!ld previous!~·, this 

catBgory was examined on the basis of experimental microwave 

cataract~. 1~e species difference between the laboratory ani­

mala in which this factor is the prt!!dominant reaction to micro­

wave exposure and man where this factor has not been found to 

be related to such exposure has become evident and there is no 

significant difference between exposed and control groupe. More­

over, in human microwave cataracts, at no stage of development 

has any abnormality of the sutures bet!ln noted. 



CONCLUSIONS 

Analysis of t.hA data reveals that. the lem1es of both n1icro-

wave workers and controls h!lve defects and that the number of 

defects i nr.reaae linearly ~11th age. Although there was an apparent 

st•~iatir;a.L difference in eye score between the exposed and con-

trol groups, the difference is demonstrated to be clinically in-

signific~nt. The extent of minor lenticular i~perfection does 

not serve as a clinically useful indicator of cumulative exposure 

to microwave radiation. No rel4tio~ehip between lena imperfec-

tion and microwave cataract was found. 

Within the limitationo of the sample obtained, of the defi-

nition of chronic exposure to permissible levels of microwave 

radiation, and of the ophthalmological technique employed, this 

investigation has demonstrated that it is impractical to monitor 

microwav~ AXpoaure b~ means of performing this type of examina-

tion at some future time as a follow-up procedure. &van if one 

were to assume that the mathematical models were perfect and 

that the mean number of minor lena defects would diverqe aa pre-

dieted by means of the ANALYSIS OF THE FEASIBILITY OF PBRIODIC 

LBNS EXAMINATIONS TO MONITOR MICROWAVE BXPOSUU BFFBC'l'S, it is 

cl•.larly stated beyond a resonable doubt that it is not feasible 

to continue this study. 
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INSTALLATION 

B 

c 

D 

B 

TABLE I-1 

TYPE MAJOR FUNCTJ:ON(S) 

large military base a. research and develop-

( > 1000 employees) ment of surface radar 

b. airborne radar main-

tenaucC' 

civilian assembly a. design and assembly 

plant of microwave modulators 

b. ~omponenta testing 

large military a. radar ope~ations 

missile tracking and maintenance 

facility ( >1000 b. systems development 

employees) 

smaller military ~. radar operations 

mbsile tracking and maint•tnance 

facility 

civilian research a. research and develop-
ment 

development and £aJ:.ri- of 1:econnr.iaaance rllldar 

cation facility b. tube production 

facilit.Lea 

c. antenna development 

. .. .. ,. 
WV~A 



'.t'ABLB I-1 (continued) 

F larqe civilian radar 

installation 

G civilian research 

laboratoxy 

a. resear~·and. develop--~ 

ment of radar defense 

ayl.'ltems 

b. radar equipment: 

operation 

c. testing of radar 

equipmAnt 

a. rea~arch and. develop-

ment of milita1~ and 

communication& type 

radar equipment. 

b. fabrication and 

c. teatinq of radar 

equipment 

d. limited operution of 

radar equipment 

~------------~-----------------------·-~-------------·---------~ 
H civilian fabricator a. fabrication 3nd 

of radar equipment b. teatinq of radar 

I civilian complex of a. reaearch and develop-

radar operation• ment 

b. fabrication and 

c. tasting of radar 

ayatema 

._----------------------------------~-------------------~ 
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TABLB I-1 (continued) 

military missile tracking 

installation 

large military missile 

tracking facility and 

air base ( ·~ 1000 employ-

ees) 

large naval vessel 

large military train-

il'l.g and research devel-

opment center 

a. operation and main-

tenance of high powered 

(i.e.,> 1 megawatt) 

search radar. 

a. operation and main-

tenRnce of long range 

search radar for area sur-

veillance and missile 

tracking 

b. operation and main-

tenance of navigational 

radar 

c. systems development 

a. operation and main­
tenance of search and 
navigat.ional equipment 

b. airborne radar main~ ·------
a. training of radar op-

erators and maintenance 

personnel 

b. research and develop- i 
ment of military radar I 
c. limited operation of I I 

radar equipment ~ I 
,, 
.. I 



TABLE 3-l 

METHOD OF CALCUlATING MICROWAVE EXPOSURE INDEX* 

Weight 
Factor & 

l 2 3 

l. Power output (av. wattl.l) <100 100-1000 >1000 

2. Distance from tube or trans- <10 >1o -
mission line (feet) 

3. Looked into energized wave- l-10 - 710 

guide (no. of times) 

4. Felt heat from waveguide <lO Banda only Head or whole 
)10 body ~1 

5. Antenn~ exposure (location Rear or Front (sec. Front (hours) 
aides or min.) 

and time) 

6. Antenna heat (time) Seconds Minutes Hour 

7. Antenna power (av. watts) <100 100-1000 >1000 

*Bxpoaure Index • (1 x 2 x 3 x 4) + (5 x 6 x 7). 



TA~LB 4-l 

AGE PRBQUENCY DrSTRIBUTION 

BXPOS BD GR('UP C.'ONTROL GROUP 

Number of Cumulative Number of Cumulative 

Acle GrouD Individual• % " Individual• " " 
16-20 45 6.114 6.114 59 10.55 10.55 

21-25 126 17.12 23.23 106 18.96 29.51 

26-30 186 25.27 48.50 91 16.28 45.79 

31-35 137 18.61 67.11 88 15.74 61.53 

36-40 103 14.00 81.11 73 13.06 74.59 

41-45 60 8.15 89.26 64 11.45 86.04 

46-50 33 4.48 93.74 44 7.87 93.91 

51-55 25 3.40 97.14 17 3.04 96.95 

56-60 19 2.58 99.72 13 2.33 99.28 

fi1-65 2 .28 100.00 4 .72 100.00 

TOTAL 73o TOTAL 559 

MBAN AGB • 32.76 YEARS MIAN AGB : 33.20 YBARB 



TABLE 4-2 

BYE SCORE FRBQUBNCY DISTRIBUTION 

Total EXPOSED GROUP CONTROL GROUP 
Eye Number CWDulative Number Cumulative 

Score ~ndividual• " " Individual• ..2L. " 
0 0 0 0 0 0 0 

1 7 0.95 o. 95 5 0.89 0.89 

2 14 1.90 2.85 17 3.04 3.93 

3 42 5.71 8.56 47 8.41 12.34 

4 136 18.48 27.04 100 17.90 30.24 

5 84 11.41 38.45 64 11.45 41.69 

6 70 9.51 47.96 55 9.84 51.53 

7 85 11.55 59.51 93 16.64 68.17 

8 126 17.12 76.63 76 13.60 81.77 

9 93 12.64 89.27 59 10.55 92.32 

10 42 5.71 94.98 23 4.11 96.43 

11 18 2.44 97.42 10 1.79 98.22 

12 10 1.3:) 98.77 8 1.43 99.65 

13 7 .95 99.72 2 .35 100.00 

14 1 .14 99.86 0 0 100.00 

l.S 1 .14 100.00 0 0 100.00 

TOTAL TOTAL 
BtJIIIIR • 736 IIUMBBR = 559 

MIAN BYE SCORB E·. !\8 MINI BYB SCORB 6. 2 3 

-~. 



TABLB 4-3 

EXPOSURE SCORE l"nBQUENCY DTSTRIBUTION 

I 
EXi'Oii U.!US SCORB NUMBIR BXPOSID 2i CtJMtlLATIYB 2i 

1-5 109 14.81 14.81 

6-10 267 36.28 51.09 

11-15 133 18.07 69.16 

16-20 94 12.77 81.93 

21-25 54 7.34 89.27 

::'6-30 24 3.26 92.:;3 

31-35 6 .82 93.35 

36-40 12 1.63 94.98 

41-45 18 2.45 97 • . ~:! 

46-50 3 0.41 97.84 

51-55 2 0.27 98.11 

56-60 4 0.54 98 . 65 
' 
i 

61-65 2 0.27 98.92 

66-70 4 0.54 ~9.46 ' 

71-75 3 0.41 99.87 

76-80 0 o.oo 99.87 

81-85 1 0.1 100.00 

I 



TABLB 4-4 

DURATION OF MICROWAVE WORK 

DURATJON NUMBBR CUMUIATIVB 
( "'" ) INDlVIDUAIB " 'J(. 

0-19 147 20.00 20.00 

20-39 127 17.28 :57.28 

40-59 113 15.37 ~;2 .65 

60-79 89 12.11 64.76 

80-99 71 9.66 74.42 

100-119 52 7.07 81.49 

120-139 so 6.80 88.29 

140-159 26 3.54 91.83 

160-179 t3 1.77 93.60 

180-199 14 1.91 95.51 

200-219 13 1. 77 97.28 

220-239 3 .41 97.69 

240-259 10 1.36 99.05 

260-279 2 0.26 99.31 

280-299 3 0.41 99.72 

300-319 0 0 99.72 

320-339 0 0 99.72 

340-359 0 0 99.72 

360-379 1 .14 99.86 

560-579 ~ .14 100.00 

~tc. Note: one reject 

---------·----------------------------------------------------------------
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TABLB 4-6 

INDIVIDUAL IYB SCORB CA'l'BGORY I"RBQUBHCIIS 

HUmber Humber Humber Humber 
1 

Minute defect; 14 8 305 258 

Opacification 30 44 300 236 

Relucency 28 23 304 238 

Sutural defects 75 49 469 360 

Posterior polar 383 349 257 192 

Defects 

Totals 530 473 1635 1284 

Humber 

Minute defects 337 238 80 55 

Opacification 355 252 51 27 

Relucency 371 274 33 24 

Sutural defects 172 133 20 17 

Poa ter ior polar 91 18 5 0 

Defects 

r: , 

w I 
I 
( I 



TAB~ 4-6 

INDIVIDUAL 1YB SCORE CATBGORY FRBQUDCIBS 

u•u~v lDL AL --- --RY KYB aeon 
0 1 

lilumber ltunlber Number Number - . bDOaM Cont:rola ----- t"1'!oft .... ..,1. 

Minute defect"" 14 8 305 258 

Opacification 30 44 300 236 

Relucency 28 23 :J04 238 

Sutural defect• 75 49 469 360 

Po•terior polar 383 349 257 192 
Defects 

'l'Otal• 530 473 1635 1284 

Number llumber 11\amber ll\llllber 

Minute defec:ta 337 238 80 55 

Opac:ific:ation 355 252 51 27 

Re1ucency 371 274 33 24 

Sutural defect• 172 133 20 17 

Po•terior polar 91 18 5 0 
Defec:u 

i 
! 
~ I 



TABI.B 4-7 

CHI SQUARB VALUU FOR INDIVIDUAL LOS CATBOORIBS 

Lena Category Mean Jcora Chi Square p 

lxpoaed Control Val\le Value 
Group Group 

1. .Minute Defect• 1.6563 1.6082 2.620 >.o5 

2.0pac1f1cation 1.5802 1..4687 10.244 <.025, 

J.Relucency 1.5556 1.5349 0.207 >.os 

4.Sutural Defect• 1.1861 1.2110 1.075 ).05 

S.Poater1or Polar 0.6168 0.4079 38.540 <.ooos 

~ 
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Figure 4-1 
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Figure 4-2b 
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APPBNDIX III-A 

NBW YORK UNIVBRS I'l'Y' MBDICAL CBNTBR 
550 Firat Avenue 

New York 16, New York 

In8titute of Indu•trial Medicine 
Bnvironmental Radiation Laboratory 

HIS'l'ORX OF WORK WITH MICRQWAVBS 

You are being aaked to fill out this queationnaire a• part of 
a lar~e atudy in which we are one of a number of participating 
indu•trial and military orqanizations. 

We appreciate the fact that in aow• ca•es a great many yearM 
m.y have elapsed •ince you fizet beqan to work with microwave• 
and that it may be difficult for you to recollect all of the 
detailed information we have ••ked you to provide. All we re­
queat i• that you be patient with thia que•t1onnaire ~d fill 
it out to the be8t of your ability. If there are any parts of 
it which are not clear to you, your eupervi8or will attempt to 
a .. i•t you. 

Rame.~------------~-------------(Plea•e print) 

Age ____ Badqe &o. __ _ 

Addre••--------------------------

I. Li•t only tho•e place• of employment in which you worked 
with radar or other microwave equipment. Liat pre•ent em­
ployer firat and work backward•. 

a. Bmployer'• Same __________________ __ 

Bmployed from ____ to 

Job Title•: 1. ___ _ 

2. ___ _ 

3. ____ _ 

Total III.Jmber of Montha Bmployed 
in tbe Pollqwing Categorie• 

a. Roe~arch and development of 
microwave component•-------

b. Microwave component& •••embly 
for production ____________ _ 

c. Operation of radar or other 
micr~av~o~ apparat.u•-----

d. In•tallation, maintenance, and 
t~~t of microwave apparatu• ___ 
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b. Employer's Name ____________________ _ 

Job Titles : 1. __________ _ 

2. ____ _ 

3. ____ _ 

c. Employer's Name ____________________ _ 

Bmployftd from--to-----

Job '1'1 t .::.es: 1. __________ _ 

2. ____ _ 

3. ____ _ 

d. Bmployer's .... ____________________ _ 

Bmployed from ____ to ___ __ 

Job Titles: 1·-----------
2. ____ _ 

3. ____ _ 

e. Other ______________ __ 

Total 

a. Research and development of 
microwave components ____ -

b. MicrowavA components assembly 
for production __________ _ 

c. Operation of radar or other 
microwave apparatus ______ _ 

d. Installation, maintenance, 
and teat of microwave appar-
atus _______ __ 

e. Other ________________ _ 

Total------

a. Research and development of 
microwave component•------

b. Microwav~ components assembly 
for production __________ _ 

c. Operation of radar o~:· other 
microwave apparatus------

d. Installation, maintenance, and 
teat of microwave apparatu•---· 

e. Other------------------

Tota 1·------

a. Research and development of 
microwave component•------

b. Microwave components assembly 
for production _____ ···-----

c. Operation of radar or other 
microwave apparatu•-------



.. 
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d. In•tallation, maintenance, 
and te•t of microwave appara-tua ___________ __ 

e. Other _______________ __ 

Total. ____ _ 

II. 

III. 

a. Did you ever wear a fil111 badge? Yea ___ No __ 

h. If ye•, on which job a~d during what period of time? 

Places of Employment To 
a. _______________________ __ 

b. _____________________ _ 

c. _______________________ _ 

d. ________________________ _ 

a.Did you ever work near a tran•mitler tUbe from which the 
•hielding wa• removed while the hiqh voltage was on? 
Ye• No _________ _ 

b.If ye•, fill out the followinga 

Tub! Type Ayer. Power Peak Voltage ~. Min. !1£1.. Longer 

IV.Liac the principal type• of microwave generating equipDeht with 
which you have worked. a. b. c. d. 

Type of equipment 

Average Power 
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Freq. or Band 

Number of months 

Date of first exposure 

Power terminated (use check mark) 

v. 

Dummy load 

Outside antenna 

Within room 

Distance from equipment 

Less than 10 ft. 

10 - 20 ft. 

Greater than 20 ft. 

Your work was : 

a.reaearch & devel­
opment 

b.asaembly of micro- -----------­
wave components 

c.operation of micro-_________ ___ 
wave equipment 

d.Installation, main-________ __ 
tenAnce, and teat of 
microwave equipment 

a. Did you ever look into a transmission line such as a wave guide • 
while it was energized? Yea No _________ ___ 
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V-a (Continued) 

If yes: 

How many times? Average Power? How Viewed? 

1-3 4-10 over 1n Viewing Bend Open Wave Guide 

VI. 
a. Did you ever feel heat from micro\taves coming from a wave guide 

or transmission ltne? Yes ___ No __ _ 

b. If yes, how many times? 1-3 4-10 over 10 

Hands only 

Whole body 

Head only 

c. What types of equipment were involved? 

Average Power 

Freq. or Band •. 
VII. 

a. Have you ever worked near an antenna while it was radiating? 
Yes No ____ _ 

• b. If yes, fill in the followinga 



1.Front Surface 
few seconds 

few minutes 

over an hou:t· 

2.Rear SurfZlce 
ft:~w seconds 

few minutes 

over an hour 

3.Sides 

few seconds 

few minutes 

over an hour 

-6-

1-3 4-10 over 10 
Average 

Power 
Freq. 

c.r Band 
Distance From 

Radiating Surface 

4.How many times did you feel heat from microwaves coming from the antenna? 

few seconds 

few minutes 

over an hour 

' 

• 



APPENDIX III-B 

EXPLANATORY REMARKS ON 

"H~STORY OF WORK WITH MICROWAVES" QUESTIONNAIRE 

Part Iz 

In addit~~n to civilian employment, microwave experience 

during milit~LY duty should be included. 

!art III: 

This entire question is included to determine if there has 

been any exposure to ionizing radiation. Therefore, any work 

done in close proximity to any high voltage tube, even if it 

was not specifically a micrnwave transmitter tube, •hould be 

included in the answer. Any tube in the kilovolt.sge range 

should be specified. The reference to shielding ~n this questi~n 

rftfers to X-ray shielding, not r-f shielding. The term "near" 

in this question may be defined as within the same room as the 

1mshielded tube. 

Part IV: 

In specifying the mode ot power termination (i.e., dummy 

load, outside antenna, or within room) for ca•es a,b,c,d, it 

would be helpful, if more than one mode of termination was uaed, 

to approximate t! ~• fraction of the time that each mode was uf,ed. 

The distance from equipment refers only to the distance dur-

ing operation of the equipment. 

I 
j 
l I . 
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In specifying the job category, when more than one classifi-

cation applies, the principal one should be used. 

When possible (i.e., in case of surveyed exposures) the exact 

power density and length of exposure should be included. Any ex-

posure other than those occurring as a result of employment should 

be included: tl1is would e1pply t.o home e>~perimentation, etc. 

Part V: 

Average power is here to be considered as the &verag~ power 

of the transmitter or in the waveguide. 

Part VI: 

This questio~ refers only to effects of transmitter, trans-

mission lines, and waveguides: it dods not refer to antenna expo-

auras which are covered in question VII. If an exposure is re-

ported here as due to local termination of a waveguide with a 

horn, it should not be reported in the answer to question VII. 

Part VIIz 

Exposure to radiating, rotating antennas should also be 

ir•cJ.uded .i.n the answer to this question. In "a" the word ~ 

refers to a distance at which the power density 1s greater than 

or equal to one milliwatt per square centimeter. • 



APPENDIX III-C 

MICROWAVE SURVEY 

Epidemiological Data 

Detail& of C~ding Procedure 

1. Jo~ Classification (column 18) 

In specifying the job classification of em individual 

in the case where mo~c than one category applies, that category 

will be chosen which represents twice the period of time spent 

on any other job listed if the latter is luss than six months. 

If the other jobs listed were worked at for more than six 

months (eech) or were more than one half the period of the 

major job classification the data will be 9iven another code 

number signifying combinations of microwave jobs. 

Controls will be coded with a 5 signifying non-microwave 

work. 

2 • X-Ray Exposure 

0 will be used for individuals with no reported work 

on high voltage tubes and no film badge record. 

l will Qd~ignate individuals who have worked with un­

shielded generating t.ubes of greater than one kilovolt peak 

voltage for periods of minutes or more with no film badge 

record of possible exposure. 



-10-

2 will be used to designate those individuals who note se•rere 

exposure to ionizing radiation but did not wear a film badge 

during the exposure. 

3 will ·:~signate persons exposed to ionizing radiation while 

wearing film badges. 

3. Power Termination 

In any instance in which more than one mode of power 

termination is used for one power, the moat ai~i~i~ant mnrt.­

will be chosen. Thus if power is terminated by a dw.y load, 

an outside antenna and also within the room the latter case 

will be designated on the card (i.e., by a 2 punch). If both 

dummy load and outside antenna termination is specified a 3 

punch will be used indicating this combination. 

4. Aqe at first exposure will be the aqe at which the 

first work with a principal ·type of microwave generator is 

lt.ted in the questiounaire. 

5. In the case of an individual who has been included as 

a control but who actually has had some radar experience and 

does not specify the equipment used, a total score of two will 

be ~seigned, to distinquish them from controls. 

6. In the event that exposure to microwavea cominq from an 

antenna is listed for two different antennas (different powers 

and frequenci~s) the hiqher powered one will be coded exc~pt 

• 
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where the duration of work on the high powered antenna is speci-

fied as being a few seconds and the duration of work on the lower 

power is hours. In this case the exposure to the lower power will 

be recorded 

~ulation of Approximate Average Power from Peak Power 

Average P = (Peak Power) x (Pulse Width) x (Pulse Repetition Rate) 

• watts x sec x sec··l 

Let P,_ = average peak 

Pp • peak power 

w • pulse width 

R • pulse repetition rate 

Pa • Pp WR 

!A. •WR 
Pp 

An avarage value of WR wlll be used to convert from peak power 

to average power 

Asaume: 

therefore, 

. 
W • 1.0 ~sec 

R • 103 sec-1 

!A . . 6 3 p • WR = (10- X 10 ) • 10-3 
p 

Pa ~..!E... 1000 

' I 

' t ' 
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Column 
Number 

1-2 

3-6 

MICROWAVE SURVEY IBM CARD CODE DESIGNATION 

APPENDIX I II -D 

Field 

S1te Identification 

0 - Rome Air Development Command, Rome, New York 

1 RCA, BEMEWS, Greenland 

2 - Sperry Rand company, Lake Success, New York 

3 - DuPoz,t, Wilminyi;un, ~.l.awar~ 

4 - Sylvania, Waltham, Massachusetts 

5 - Pacific Missile Rnngc, Point Mugu 

6 - Pacific Missile Range, Point Arguello 

7 - Sylvania, Mountainview, ~alifornia 

8 - RCA, Moorestown, New Jersey 

9 - A. T. & T., Bell Labs., Whippany, New Jersey 

10 - Western Electric, Winston Salem, North Carolina 

11 - Raytheon, Waltham, Massachusetts 

12 - RCA, BEMEWS, Clear, Alaska 

13 - USS Franklin D. Roosevelt, New ~ork 

14 - Cape Canaveral, Florida 

15 - Port Monmouth, New Je~aey 

Individusl Identification 

Bach individual that has been examined will 

be aaaiqned a number which he will keep throughout 



Column 
Nymber 

7-8 

9-14 

18 

-13-

F1eld 
the survey regardless of the aite at which he ie 

located. A master sheet will be kept to relate 

the number to the individual. 

AQe of Ind1vi9Bl, 

Date of Eye ExaminaUon 

Month - columna 9-10 

Day - columna 11-12 

Year - columna 13-14 

Hwpbtr of Montha of Microwave Work 

Approximate total montha - 0-999 month• 

Job Claaaification 

0 - reaearch and development 

1 - aeaembly of micro\'lave componerata 

2 - operation of radar equipment 

3 - installation, maintenance 

4 - reaearch and developa~ent plua upe.ration 

of radar equipment 

S - non-microwave ~ork 

6 - operation of microwave equipment p!ua 

inatallation, maintenance ~ •d teat 

.. 

-· --- ----------------------------



Column 
Number 

19 

20-39 
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F.t.eld 

7 - research and development plus installa-

tion, maintenance and teat of radar equi p-

ment 

8 - con~ination of job claaeificationa 

X-Rav Expoeure 

0 - no known exposure 

1 - poaaible expoaure 

2 - severe exposure 

3 - film bartge worn 

Ayeraqe pgwer Qutput of Microwave oeneratora 

columns 20-24 - 0-lOW data 

columna 25-29 - 11-lOOW data 

columna 30··:34 - 101-lOOOW data 

columns 35-39 - greater than lOOOW data 

columna 20, 25, 30, 35 - approximate duration 

of microwave work at the specified average power 

le•.rela (i.e •.• 0-lOW, 11-lOOW, 101-l.OOOW lOOOOW) 

·., 



Column 
Nwnber 

- ----------------
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Field 

0 - 0 to 2 months 

l - 3 to 4 months 

2 - 5 to 8 month• 

3 - 9 t.o 16 mnnt.h• 

4 - 17 to 32 month• 

5 - 33 tu 64 muntha 

6 - 65 to 128 month• 

7 - 129 to 256 month• 

8 - 251 to 512 month• 

9 - 513 to 1024 months 

column• 21, 26, 31, 36 - approximate frequency 

band for epecified power levels 

0 - 1 + • band• (1 to 4 kmc/•ec) 

1 - c band (4 to 6 kmc/Bec) 

2 - x band (5 to 20 kmc/Bec) 

3 - k band (18 to 37 kmc/Bec) 

4 - q + v band (37 to 57 kmc/•ec) 

5 - w band (57 to 100 kmc/Bec) 

6 - greater than 100 kmc/aec) 

7 - 0 to 1 kmc/Bec 

8 - 1 + • + c + x. ba.:d combinations 

9 - other combir.aticr• of the above band• 



Column 
Number 
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Field 

columns 22, 27 , 32, 27 -mode of power termination 

~:~t .i.uuicaLed pow.:~r level 

0 - dummy load 

l - outside antenna 

2 - w1.thin room 

3 - combination of dummy load and outside antenna 

columns 23, 28, 33, 38 - dictanctt from microwave 

qenerating equipment dur.i.ng operation at the 

specified power level~ 

0 - 0 to 10 feet 

1 - 11 to 20 feet 

2 - greater than 20 feet 

columna 24, 29, 34, 39 ·- job designation while 

working with the microwave generator at the 

indicated power levels. 

0 - research and developm$nt 

1 assembly of microwave components 

2 - operation of radar equipment 

3 - installc .. ion, mair.tenance and teat 



Column 
NWJ!ber 

40-41 

42-44 
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Field 

4 - r~search and development plus operation 

of radar equipment 

5 - non-microwave work 

6 - operation o F. ii•icrowave Pquipment plus 

insLallation, maintenance and test 

., - research and devf-~ lopment plus installation, 

maintenance and teat of radar equipment 

8 - '-'Uil.binaLiOliii vf 

9 - research and development plua operation 

of microwave equipment 

Me of In4~yidual at .C, .i.rtt Indicated Microwave Work 

0-9'3 years 

LooKed Into anergiz&d Waveguide 

column 42 - number of time& individual 

indic:ated he looked in enerqized wavequide 

0 - l tn 3 timeA 

1 -· 4 to lO times 

2 - qreater than 10 times 



-18-

Column 
Numb~e~r~----------------------------~F~i~e~l~d-----------------------

column 43 - average power being generated 

at thE. time of viewing 

0 - o-w watts 

1 - 11-100 watts 

2 - 101-1000 watts 

3 - greater tnan 1000 watto 

4 - combination from 0 to 1000 watts 

column 44 - method of viewing the waveguide 

0 - viewiny bend 

l - viewing open waveguide 

2 - uther viewing method 

3 - combination of viewing bend and viewing 

open waveguide 

4 - viewing feedhorn (no antenna) 

; 45-48 Felt Heat From Mir.rowave Generator 

Column 45 - hands only 

0 - 1 to 3 times 

1 - 4 to 10 times 

2 greater than 10 times 



Column 
Number 
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FiPld 
column 46 - whole body 

0 - l to 3 times 

1 - 4 to 10 times 

2 - gro~ter than 10 times 

column 47 - head only 

'J l to 3 times 

l - 4 to 10 times 

2 - greater than 10 times 

column 48 - frequency band being generated 

which resulted in the indicated perception 

of heat 

0 - l + s banda (l to 4 kmc/aec) 

l - c band (4 to 6 kmc/aec) 

2 - x band (5 to 20 kmc/aec) 

3 - k band (lS to 37 kmc/sec) 

4 - q + v band (37 to 57 kmc/aec) 

5 - w L~nd (57 to 100 kmc/sec) 

6 - greater than 100 k•nc/aec) 

7 - 0 to l kmc/aec 

8 - l + a + c + x band combinations 

9 - other combiniltions cf the llbove baa1ds 

' . 
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Column 
Number 

49-60 

-20 -

Field 

Antenna Wc.•rk 

antenna loc&tions 

columna 49-52 - work data ln front of antenna 

columns 53-S6 - work data in rear of antenna 

columna 57-60 - work data at aide of antenna 

columna 49, 53, 57 - duration of work at 

specified antenna locations while c~.nLt:m&a 

~·!as radiating 

0 - seconds 

1 - minutes 

2 - greater than an hour 

columna SO, 54, 58 - antenna power output 

during work at apecified antenna location• 

0 - 0 to 100 watts (average power) 

1 - 101 to 1000 watts (average power) 

2 - greater than 1000 watts (average power) 

column~ 51, 55: 59 - microwave frequency 

during work at indicated locations 

0 1 + s banda (1 to 4 kmc/aec) 

1 - c band (4 to 6 kmc/aec) 

2 - x band (5 to 20 kmc/aec) 



.-------------------------

Column 
Number 

61 
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Field 

3 - k band {lS to 37 kmc/aec) 

4 - q T v band (j'l to 57 kmc/sec) 

5 - w band (57 t.c• 10{• Jcmc/sec) 

6 gr~ater than 100 kmc/sec) 

7 - 0 to l kmc/sec 

B - 1 + s + c + x band combinations 

9 - other combinations of the above bands 

columns 52, 56, 60 - distance from radioLing 

antenna at indicated ~1tenna locations 

0 - 0 to 10 feet 

1 - ll to 20 feet 

2 - 21 to 100 feet 

3 - greater than 100 feet 

Anteooa Heat 

column 61 - ~~riod during which heat was 

perceivod by the individual wc:-rkinq near 

radiating antennas 

0 - se::conds 

1 - minutes 

2 - hours 



Column 
N\l!Dber 
62-63 

64 

65 
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Fielg 

;~wsure Scores 

col~~• 62-63 - total exposure score 

Family History of Bye 01aeaae 

0 - mother 

1 - father 

2 - childr'•n 

3 - maternal gtandmother 

4 - maternal grandfather 

5 - paternal grandmc·t.h~r 

6 - paternal grandfather 

7 - combination! of above 

Change of D1.1!1t.l'lnce Glasses in the Past 10 Years 

0 -X 

1 - 1 

2 - 2 

3 - 3 

4 4 

5 - s 

6 - 6 

7 - 7 
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~1~1,~-----------------------------
8 - fl 

9 - 9 or more 

66 !~.:!:~.·••nee of F''e Defects or Illnesses 

0 - glaucoma 

2 - uveitis (iritis, cyclitis, choroiditis) 

3 - re~inal d~tachment 

4 - congenital defects 

5 - k.lit.c~ti tis 

6 - pLyrigium (~rowth on eyelid) 

7 - combinations of the above 

8 - acute symptoms of e~poaure 

67-&a y_:~ 

Right Bye Left Bye 

0 - 20/20 0 - 20/20 

.i. - 20/30 1. - 20/30 

2 - 20/40 2 - 20/40 

3 - 20/50 3 - 20/50 

4 - 20/70 4 - 20/70 

5 - 20/100 5 - 2/J.OO 
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Column 
Number------------------------------·~F~i~e~l~d~----------------

6 - 20/200 6 - 20/200 

7 - 20/200 7 - 20/200 

69-74 Lenticular ~anges 

69 - mi uute defects 

70 - opacification 

71 - relucency 

72 - sutural defects 

73 - posterior I~~ar defects 

74 - photograph.ic findings 

0 - insignificant 

1 - minor 

2 -moderate 

3 - major 

75-76 Summat1on of Lena Defects = 69 + 70 + 71 + 72 + 73 

00 - 0 07 - 7 

01 - 1 08 - 8 

02 - 2 09 - 9 

03 - 3 10 - 10 

04 - 4 11- 11 

OS - 5 12 - 12 etc. 

06 - 6 
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APPENDIX IV-A TBS·!' OP' THE SIGNIPICANC.B OF THE 

DIFFERENCE IN REGRESSION COEi'FICIENTS 
(i.e., ~1 'a) 

The hypothesis ~le • :31c was tested to determine the statisti­

cal aiqnificancc of the difrerence in the comput:l!d reqresr;ion co-

efficient&. The an~lysiR was performed as follower 

Ito: ele = Plc 

Hal ~le f ~lc • 

The statistic 

F* • 

will follow an F distribution with one and (N8 +Nc-4) deqr·aes of 

freedon if the hypotheaia 110 ia true, where 

s2p = pool&.! estimate of the variance 

: SSBc,;+SSBI. 
-4 • 3.1198 

He+Hc 

SSB0 • sum of squares due to error for control qroup 

SSB8 • s•.1m of squareP due to error for exposed qroup 

Subatitutin•J the values in the expression for F* reeulta 

in F• • 5.3637, and by referrinq to the tabulated F valuea, it 

can be determined ~hat 

0.01( P { P( 1,1291) > P*(•S. 36)} < 0.025 • 

Therefore, the observed difference ir• the two reg· "!Ssion co-

~fficienta can ~a said to be statistically siqnificant. 

----~ --- - -- -------"' 
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APPENDIX IV-B TECT Ot' THE SIGNIFICANCE OF ·l'HB 

DIFFERENCE IN MEAtl EYE SCORE 

TO determine the significance of the difference in eye score 

at a specific 8qe, the hypothesi• ~e = ~r. was tested a• follo~•~ 

H•:)l ~e = ~c 

Has ~e f ~c· 

The statistic 

F* = 
s2 l 

p Ne 

(Qe-Qc)2 

~!....+ <x.-i1 > + 
(XC-XC) 

Nc SXXe SXXc 

will follow an F diatribution with one and (Nc+Ne - 4) degree• 

of freedom if 'l1io is true. Since Xe :i: Xc • 33, the hypothesia 

may he teated at the approximate mean age of 33, in which ease 

the above atatiati': reduces to 

P* = <9e-~e> 2NeNe 
· s2p (He+Ne) 

Subatitution reaulta in F* = 12.56 and from the tabulated values 

of the F distribution, w~ may determine that 

P { 1"(1,1291) > P* (=12.56)} <. 0.0005. 

Thus, the observed difference in mean eye acor~• at the appro~i-

mate meiln age of 33, for +'he groupe, can be said to be a tat ilti-

~ally highly aiqnificant. 

• j 
I I 

I 
> I 
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APPENDIX IV-C TEST OF TH! SIGNIFICANCE OF THE 

DIFFERENCE IN RBGRBS•HON C!OI!:.Ii'!''1\,;t.I.'4Io ~.: • .:.., ~'!:!) 

OF GROUP TWO li.e., GR~UP SINCE OCT , 1961) 

Thf'! hypothes ... ,. 13le • 13lc ws!'J tested to d£tl:lrminc the statis-

tlcal Rigni fic~!"'ce of the di Ht!-rence in the compu~ea r~y.ttll:llf.i.ou 

co•!lft1clents. The analysis was performed aa follows t 

Hot t3le = (3lc 

Hat 131e + t3lc 

The statistic 

s2 - 1- + _!__ F* • ~ 
P SXXc SXX8 

will follow an F di•tribution with one and (Ne+Nc-4) degrees• 

of freedom i£ the h~~thesie Ho ie true, where 

s2p = pooled estimate of the variance 

• SSBc+SSBe 
Ne+Nc-4 

= 2.1755 

SSic • sum of 8quares due to error for control group 

liiiE
8 

= sum of aquar~ts due to error for exposed group 

Substituting the values in the expression for F* results 

in F* = 3.9658, and by referrin9 to the tabulated F valuea, it 

may be determined that 

P { P(l,453) ) F*(=3.9658) 1 <. 0.05. 

Therefore, the observed diffc~..:-ence in the two regression co-

efficien~• can be said to be statistically significant. 
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APPENDIX IV-D TEI;T OF THE SIGNIFICANCE OF THE 

DIFFERENCE IN MEAN EYE SCORE Ot' GROUP 'l.'WO 
(i.e., GROUP EXAMINAED AFTER OCT. 1961) 

To determine the tiignificance of the difference in eye sco~~ 

at a specifi<- age, t.he hypothesis lle • llc was tested as fo11ow6: 

The statistic 

F* • 

will follow an F distribution with one and (lle+Nc-4) degrees 

of freedom if ifo is true. 

1) The hypothesis Ho was tested first at the overall mean 

age for tl.e combined group (i.e., X8 • Xc • 32.7133). 

The following values were determined for substitution 1n the 

above . ,quationl 

9. = 5.3427 

9c = 5.3033 

s2 p • 2.1755 

Nc = 261 

Nc • 196 

x.· 31.5096 
l 
I 

I 
t 
I 

i 
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APPENJ'I)l !V-E 

1\N.ALYSIS uF THE FEASIBII,ITY lJr PERIODIC LENS 

EXAMINATIO~~ TO i~ONITOR MICROWAVE EXPOSURB EFFECTS 

The difference in mean eye :3cores c5 for the exposed and 

control ~ro~ ps which will enable the det~cLion of that d~ffcrence 

with a specified probabi.lity may be determ.i.ned by cons:!.deratio:-

of the magnitude of the observed difference in the rate of 

change of minor lens defects for these groups and tha expected 

varianc~ of the ~eterminations. 

Tho following terms may be defined to determine the approxi-

mate period of observation re~-:tul.red to detect an increase in 

the difference in mean eyt! scores of the e:<posed and control 

groups: 

!{otation 

~~1 • <Poe - Boc>1 • true diff•rence in mean eye scores 
at time x 1, 

~~2 • <~oe - ~oc>2 • true difference in mean eye scores 
at time x2, . 

6. ~~2 
= <Soe 

- 6~1 
,.. 
Poe h :: estimated difference in mean eye 

scores at time x1, 

I\ ~ A 
~~2 • (~e - ~oc>2 • estimated difference in mean 

eye scores at time x2. 

The stati3tic 

t* = ; 
' 
I 
I 
l 

-- ---- -------------------------------------------------------
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SY.Xe = 19'1!5 

The P* value at the overall mean age was found to be 

F* ::. 0.07~3 

which is not significant. 

2) The hypothesis Ho was tested at age 60 (i.e., Xe = Xc • 60) 

~he same manner as abov~ and t.ne P* value was 

F* = 1.8965 

and P [ F(l,453) > F* (•3.8965)} <. 0.05 

Therefore, the observed difference in mean eye st:-,:res at 

age 60 for the groupe, can be said to be statistically significant. 

• 

• 
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-n-

will then be dial.ributad approximatel:f cas a t. with N8 + Nc - 2 

• 1293 deqreea of freedom under thfl :•ypotheaie nos • o, a•lcl 

Bince the number of d.eqr_,as of freedom is large, Bn may be . 

i.e., it is approximately distributed as a standardized nor~~l 

varl.able. 

Therefore, 

The power of thia teat may be determined aa a function 

of 6 . n ( 6 ), •• fol !ow• t6 > 0) s } 

fT! 6 ) : •t~--') Z1-a- 4J /6.,0 
wher~ Dt • •p 2(; + ; >] Is 

1;1 c e -

By uae of the tabulated value• for the d1atr1but1on of a 

normal v•riable, thia expreaaion may be aimplified to 

Tit~)) ;, 1 - ~ t Z1-a - ~ l 
Subatitution of tbfll valllea, •p• Ne, and l':lc: :a.~ determined 

in the roqreaaion. analyl!i~ "f the aample of l:li5 microwave 

workera and controb yielda the power function, fT l 0 ) , aa 
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