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; Subj f ':Mf.~l:'owave health hazard; ··contro·l of 
.,. ,:. '\:'./ : '.Ci , 1\'·<;. ·. '· .. ·, '.'• .· . ·. . 
Ref:.'-·"', 1(&). · NAVSIUPS'' 0900 005-8000, ·Technical Manual for Radio•Frequeocy 
' · •• 

1 
· Radiation· m1zsrds'. ·: 

· it\VORD OP3565/NAVAIR 16;. l 529, Technical Manual, Radio 
Freqtiency'.Hazards tQ Ordnance, Personnel and Fuel 5.-. · ·::~;: . ;· ,,. . ·, _·. - ', · ; ·::: · · . : . ·f 

' '• , ~ ;. •'' . :• '. , ; , I • ' , , ' . ., ' ~ .t ' . I ; , / ', • ' • , ,, ... ··'..: _; · · l,, .• E~r.eo!~· ·, To outUne the potential health hazards associated with-
. ~ · ,_;'. ,the·:}-llSe of microwave equi~ent, including rada~; to specify maximum 

· · .::;::--, ·.·personnel exposure. levels, to provide medical surveillance guidance, and 
.·. : t;o·'•·req.uire repprting of microwave overe_xpooure incidents. 

, ; .•.... • ' i:;:,;!~~k&f ~:nk •? '. •., -,. . . . • .. .. . -
·.· .. , : • ".a. There·: io"• a continually .increasing potential health hazard 

:., · , ': "'. :,. £rpm' electromagnetic radiation in today's Navy du~ to the variety 
; ,, ·.' ·:- ·.-.. , · -,of._ ~l~ctroni.c · eq~i'pm,ent used ,in increasing the ef fectivenese of the , :, ... : e, fleet~. The equipment employe4 for communications, surveillance, and ·· :: : :., ~ re~_~1irch is irv;r~asing ,i.n quan~ity, complexity, and power. The po~er 

... ·<f.: ~\·.:¢manating:-from;thh '~quipment .constitutes a potential health hazord ' 
;()';/;t.n~.!~ss· :~dequ~~e:::preca\.tti~'1afir'. m~asures are ta.ken. 

: .,. ·".·),:"~(-·~\\}'\\',/,(·•';':· ·-·.i. -=,.".~1··';.' .•.. :- ·-<_-::>: .. > .. ·",:;_.-... ;;' '. • 
.,: ··.·' . ,.\'.',:· ,;;·:tl>~'- .Th_e: dgptb· of .penetratio11 and _coincident heating effects of · · ". ) < C . ., ·,energy. ,on the' human body .,a1:e' ~-ependent· on frequency. Be low 1 gigahertz 

-.- :·;, .:l .,.(GHz) the electromagn~Uc ~nergy penetrateo to the deep body tissues; 
, . '.,,, '. ,above,: 3 GHz~ 'the heat:ins ef feet occurs, on or near the body surf ace. 

·· ;, This· 'surfoce ,heating may be compared to cnf.orced radiation· or direct 
: '.: ,.;: sunlight. , ·At frequencies;. bE;tween .1 and 3 GHz, the percentage of . 
.y . .::, '.;i.energy absorbed. ranges" from .20 to . 100 percent; due to varying degrees 

. o(;periet:rntiom '.·;.The heaf ,produced by microwave radiation is capable:. 
of::~dveraely' llff~cting Uyins: tiaaµe if the organism csnnot diesip4tij: 

.. ;, ,:theJ1cet·· ao ropi41Y an it ts pr.oducod. 
, .. ·.-.·,::}•'i:_::;!_~\ )>~-: .< .. /,:·:.-- .·~·:-> ...... ~;-,·:.::··{'>·:,~- ··: ·. ·, . i·- _-···: ';\.: ,', / . 

·. ;}}c/ :·Ccrtaiforgans · of :the body are considered to be more susceptible 
than ~thers to tpe effects of microwave radiation. Orgsns such as the 

:,, ' lungs,: eyes, testicles, gallrbladderD urinary bladder, and .. portions of, 
the.g~strointestinnl tract are more likely to be dam3ged by heat re• I,. . . . . .· l • •,•. '' ._ ' • ' 

.•• eulting ·from exee.ooJve exposu,:e · to radiation. Of the organs just 
.'.:, me~tJ6ned, ;pr~sently available inforinntion end experience indicate . 

... •'• ··,; . - that the eyes. aqd testicles are· the most vulnerable to mlcrowav~ · 
. . •. · l'l'Uliation •. - ' · : · 

·· .. /';/il~I:i::•· 'I,• ,,. 
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• .. · . • . • i cq· (fu'.e' •. / !he,·, tran,~parent lens· oLthe eye appears to be easily damag~d bri},.~te11se:r"'diat~on,energy 1 whether ionizing, infrared, or micro• ·.,wave.· ~~gll;iritensJti~s. cari cause the development of lens opacities or ·•· · cat'aracts.'''•'.n)e' len{is especially susceptible, to ~hermal damage since it lack~ a bl6od s~pply to ~isslpate heat. Temperature elevations within. the eye may ,alter the. metabolic processes of the lens ·cells and lead to .cell damage or death., ·since damaged cells cannot be shed·-'or replaced, · a ·permanent'opactty' result~~- ·u this opacity is large enough to measurably interfere with vision, it is termed_~· cataract. The earliest changes observable by the 8lit lamp: ar~ tha appearance of granules or vacuoles usually ,in' the. region of. the: lens suture at the posterior pole of the lens. just: ·under. the capsule·; however, ~hese same changes may be found · near the equa_tor of the lens·. Histopathologically this represents the migration of swollen epithelial· cells. posteriorly under the capsule, areas ., 9f degen·erated lens fibers,. and pocl(eta of debris. . . ~- ',., . : 
J . II'• 

. ; : .. :-> :: (2}. Tes'ticleo Testicular reaction to heat injury resulting from mfcrowave. radiation· appears to t?e the same as the reaction to high fever. as_socJated with many,, U_lnesses •. Although a condition of temporary · sterility·'aiid damage to seminiferous tubules may occur, the condition docs·not· appear ·to be of' a permanent nature and will ultimately correct itaelfo · · . . .. , .. , .. , . . . 
., ~ . '· ,,. 

ci.·Agood;de~l.of'di~c~ssio~ nnd.tontroversy exists in the current · liternture ,rl.?garding the question of llnonthermal" or "specific" effects; 1; e., effec~sjiused by ~echariisms .other.than thermal action. These effects ir,ichide 'disturbances of the central nervous system, sensory p~rce~tion, ~rid:various·~~r4io~ascular changes. A variety of activity .· and bchavi,oral '.chal1ges hav~ .been no~e,d,' including changes in alertness 
• 1 and endur~nc~.: T~ereli'ave 

1
al~o been.·_report_s of general loss of strength, memory dist.urbance~·.tfredness~. headache,. irtitaJ:>ility, and loss of . -;-. appetite~'·)\ coqclusive~ answer to tfle .'.'_nont;hermal II effects question is . not currently\available.:_:; .. ·\ :_ . !'· . ,•' 

J - ~.; ,.'· ' • • • • • 

e. T_here :~re two addH.ional une.~plained temporary responses of man . ti:> microwcivei:which have,been :reported •.. One of the responses is epigastric · distress orinausea·. Th~ effect. is purported to occur at intensities as . lo;.r as. 5-10' mw'/cm2 witht'n .the frequency range from 9-12 GHz. Also, certain peopl~' can perceive an· auditory 'response in the form of a "buzz" when exposed t.o frequencies between 0.2 and 3.0 GHz which are in e , pulse modula_ted format withln.·the audio frequency range • • • • ' ' ··, ,,, 1_. , •• ,. '. •'• ,, ,,,' ·, • : • 

·, 3. Action .. · . ' ,·:i 

a. Maxi~~~ Personnel !xposure Levels •. In the frequency range between-100,megahertz and.lOO gigahertz, personnel exposure shall not exceed the fol.lowing:•· . : · · ·. · · ·· · ·· 
• 0 ,, l ,• I • • • 
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.. ::.,_~:){ft::'}:f1)°i £J ;iluwai:t:~fc:~2 average incident power density for ~xposures greater than· 30. seconds, (10 mw/cm2), or • ., ' • ' ' •• ' ~ • •' • • ' ' '. I 

• < ;:'. ~j t )°, '/, • ~, ~ ' \ ' , I ' 

. , ,::·:· : ·, ': ,'_ .(2) . 300 mUU:joules/cm2 for intermittent exposures between 3., :an~ 30-~econda (300.mj/cm2/30 sec.~ or (300 mj/cm2/J sec.). . ~ ' ' -~ ' ' . ;,:i.-:_ ... j •• ••• ; __ \ :··; _; .' • 

• 
1 .All" area's, in which the ene,rgy levels exceed the above limits shall be ,_ constdered hazardous •. ·. Accordingly, admittance to areas where the - exposure-levels exceed the ·above limits shall be restricted and ,, ... warning'.signs shalt be posted (see references (a) ond (b)). • Minimum .,,., ;,sa:fe distances and 'exposure times for most naval radars are given in · sec don. 1.2 Qf reference. (a) and table 4-4 of refer.ence (b). - For radars not listed in-references (a) and (b),:minimum safe distances and stay · .·-·. times should be calculated as shown in appendix B of reference (a). 

; b •. Preca~ti~ns to Iti~~re' the Safety of Personnel. The following . precautions shall be taken to ensure that personnel are not exposed ; to power/intensities exceeding'the above limits: ·. ,:.' ;,.',: . 
' . ··· .. '' .. _i(·:.·.· ... ··.·. : . ,,, . ., . . :< {1). · Personnel shall not look directly into the beam. Guidance '~hould :be. sought'·froni cognizant equipment personnel on locating the beam· 

I' p()s'ttion for ellch antenna installation. 

:. ·)(2) _Visual inspecti~n of feed horns, open ends of wave guides, any ,opening emitting h!gh .. intcnsity electromagnetic energy shall . not be made· unless t.h.e equipment is definitely secured for the purpose •·.· 9f ·such ·Sri inspect.ion • 

. .·.·.•·" (3) The' ~de of 'ch.immy:loads shall be employed where applicable ';as _a load for .. equipme~t during testing or. check-out rather than . radiating .the energy .into ~he surrou_nding atmosphere. 

'(4).• High power radar shall be directed. so th'at the beam ls , ~~~nati,ng ~way from personne 1 working areas. 

·.· ; (5) Personnel shall observe "R-F HAZARDS" warning signs which .. ;Point: out the existance of microwave radiation hazards in a specific ,.> location or' area f'., .. .. ·. ~' -~-\. . ' ,. ... ·, ' ' ) ·. ; .,,: : 
.. '-~ '·'.' , i. -~ . . 

c.· --Medical Surv.eillance. · A specific preplacement and periodic ·. medical examination program is ,;equired for individuals, both military Jtnd •civilian;.-., in close. association with the development, calibration, .ot 111afotel)ance ofmicrow~ve equipment emanating -field intensities . ;;:in'. ,~ceaa of-.the' lirnits. speciHcd in paragraph 3a~ . '. . . ,. - " . . 

.. , ·' (l)" The preplacement' medical examination shall consist of routine preemployment physical examination plus a comprehensive 

. _..,.. ·· . . : 
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f •I•~:!:-,,.:. ' ,•.>•\~,~:•,• _'.;• •, •~ • • ' • : • > • .. · ' . : •~. •; : ~-~ . ,;•.~_'~ \ ·. • • ~. ' • • '• ', , 
,:iJt::. ' ·ophth·atmological examinati,oQ, The ""ophthalmological examination shall· 

);::,(.> f" inc:lude:, evaluation of .ocular motility~ media and fundus, · corrected 

/;~:·:}'''.:visual acufty.:for near and,-far vis~on, and slH•lamp examination of · 

//'!\:, I '."_ the lens wit~ '~h~: pupi LwJd~ ly. dilated. l' .. ' ' 

·: . ; ·. :, . . . . . . . . ' . :. '.( . , . ·.,,,.. ,. . .. ~· . : .. ' .:: ·' .. . . 

\:. •···· (2) ·.::rhe periodic, ~uryeillancf?. ~xa~ination, conducted at 3-year 

:, . · intervals, should include a. careful review of eye symptomatology; a 

· · history of e~~~sui~. sin~e·last examinatiorii inter~ala between exposure, 

type·.of equipment,. any ~nusual exposure;' and performance of a physical 

examination •. :.A comprehensive. eye examination or additional iaboratory 

. , . ·. procedures may also be indicat:~d by the. individual 'a history. 
',• 

(3) : . Pe'rso~rieL e·xp~sed to ·~wer densities above 50 mw/cm2 should 

be given a complete physicoland.ophthalmological examination immediately 

following .the 'incident and a~ 2-week int~ervals thereafter for a minimum 

period of'~ weeks •. ._., i,.' :: ;·, -> : , ; ::· :·,' 

(4.) :• An/t~~i~id~a1\,ho has been examined and found to have 

any evidenceofsecondary,,other than congenital. lenticular opacities 

. · ·· of the eyes~ shijll not .be· occupationally exposed to microwave radiation. 
. . 

' . 4. Overexposure' I~~id'e~t' Repo~tin's Requirements. If an individual 

· is exposed in excess· of the above stated limits, the commanding officer 

shall prepare .. a letter _report, Microwave Overexposure Incident (Med 6470-11), 

.· .and forwar~ ).t via the chain of command to the Chief, Bureau of Medicine 

and Surgery ]~ode 74); withil\ 30 days of the incident. As a minimum, 

···.the· report shall: contain a list of personnel exposed, a narrative de

scription of the, incfdent,:,an' esti_mate of the level of exposure received, 

·•and a description. of_ any untoward_ physiological affects. If the exposure 

is appro.ximately, an:order of .magnitude (fa~tor of· 10) 'greater than the 

.. · above Hmits', an in.terim- message re.p<>rt / Microwave Overexposure Incident 

·. '-. (Med 64 70-.11, MIN :ETAUTH)/ sboul(l. be fo1:17arded to the Chief, Bure~u of 

Medicine an~,Surger.y, w~thin.48 ho.urs of the.incident. 
'.' . ·. ·.\'-1\~~-~-~·: ... ·./::_:·:_.- .~:· ·•·::,· ·.~.,.•.::-.·.· .. _, .-;. ·.··.·· .. --. · .. :- ·.:,._ ' . . 

., 5., Reports~· Report Symbol _(M~d 6470-H,:. MIN:ETAUTH) is assigned to th.e 
reporting .re_quirement ,in paragraph 4, which has· been approved by the 

.. ~~ie-f of N~~~;~\~per~tlons .i; · > \, .•·, : • - · .·; ·· · .···• • ., 
'' /j-~ ,_,., ...... ,;,~: .· ' 

~·:/;:, . ,,· ~ 
!, • • • . 

,i :•· G/M. DAVIS 
,·.1 ' 
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