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II\ITRODUC-IION

R€view of the literature on biolosic effects of microwaves reÿeais several are6 of
established effects and mêchânisms oD the one hana 
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.oa -".t"_nisms on the other. This hâs creèted a ditemma in t.yiog t. *r"* ,n" .*r o. i-.ginôfrom the actual or potential huard to man from exposure to thir energy. ert o=f thà

dilemma is based on semanric differences md/or tack of appreciatton'ot past rcien_tific achievements âs rven as a tack of conceptuat ,pp.oocni, io ttre plrr,.i,nf.;Ji;
Alrhoùgh mosr of the experimental darâ support the concept thar the effeclr of m;-

primadiy a response to â.ltered thermât gadients or hl]]ûiher-
mia, there are larse areaj oI confùsion ùncêrrainty -A *t a -i"irr".-rtiÀ'r"-p"ttle ure{ioo ot hicrosare bioefiær. in :1. proôer pr"pecùve. a c.i.icar aratysi" or itepubùsted rilf,rarue is es\endat lo di{fe.eDr'â,e L're k-lowr and ,ubsrÀoriâ,ed from lhc
speculative and unsrbstanriated effects.

BIOPHYSIC§

For this presentation, microwaves ÿi]I be defined as rhar portion of the electromag-
.eiic e.ergy specrrum encompassing the frcqueDcy râDee of 300 MHz _ 300 (iHz wiih

._1 The v.rt Loon qh;rh,hs pater is b, sed v"" lerrormcd prutur ro Lontr-cl NorDA 7J-10-s:.b rhc pubic H,t.rb \e.\ -.. tôô,t ,;o orue a[;;,,rà,,."]ËipTl^l"ii
v,,t sunpod br ri: BuTlu ot Med,cr-c ud Srlcn.u.s, Na\ . aod v!q rle U.\. {rotu. Fnc.gy l.e Ud\erqirr ot Roch;s.e:

Àtomrc I crey P,"j{r and -as beea a\liened RJporr No. UR-J4oo-r 7. '
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'iârelensth, ii f:ee space of 1 m.1er ro i millimerer. Ir order ro unde.stand the con-sequenc€s of nicroia,æ eajtoslle, coûsideraii.n of biophyricat p,.i""ip1", ;; ;.";;risms of actjon ô eisenriat. These win bc preleirie.1 br-D;s. S"r,;;; ru;;. ""-

TIIE P']Y§IOLOGY OF TÊN'EJAIAI- REGITLÀTIOII

T," n. .,d .or..'..J.J .e...ee, ...r..8 c.r,,. -.n. ..,:.: ct, i .er r, ôr:....iriih direEe_ce11 !yps. The effects of healing .ati b" ,utdi ,iaea ;.ro rf-r" ,..ri.g ai i"iiire cenùlar.].ve] lb) Lhe orsar 1e..,.1, ânc (c) lhe ioial setf-rdsrtaiofy ne"r1,,,,t*i ll,i,i,i
-\e ârc dcaling \'ith itre \{hoie org.!,irm, thc efiecrs at e.ti ieie tfree reveis occur sinui_
têneously lnd a.e noie cr tess inteffel.rrld (1ll).

Oie oi th. lnsin laci.rs in ienp.ra!ûe ..sdniior of marnmât, i3 their cai..rctty io
âlLcr the rerire.arù.e s.aLiien! b.h1eôri lhe .thet1., (peftirherat) xr.d .h. .ore (de;D riiue)
of ihÈ 5od). Thâl ! s.à.lierL cxisls àr a1l is duc io the tac. ihar ùe b.dÿ tos.i r..,r r.",i

rJ J;"r ^r .i.T'...ô..r-"*.r .h'.,r-c'o..,r -"t rr,-!-1,, I,:.r"j...-... -1nel rr .c.r\"1 e. j'...':re, .. e.t ..r h....t .t,.".;or o..t.. --.,,,....","rr,..,.
cflec.; n2y ire â Eiull ôf, oi a relircnse io, heÀtjig ihe body. a +recfic orgên. or â cor_
trôller (i.e. ner1,e, b1oô.] vesr.l. etr:lôcrine o.gan) oi a or;ar or Loû;sÿsiem. Thû
,rero , . r . . | . . . ; , . . | : . r.,. co cen, rt,,. .e'..j c t.. irg J- "r r ,..û ,,h--nJ er
dicnts may occlr Éhich may nor ne.esâri1y menife5i üenre1r.s br' a measurabte tn

,.re. i.eb..',,or .. .,,.,^1i l-r :r.m l!a-
I e, -J,. I c,r ', .,. i-o\ie\. . _,_-n.

aû'.o'o-i. ! .xD,r ) ...c..arJ,l.f. 'o..a: ,,"r;.. ,t-., ..1-,;e,,.o....:
peralù.c. Th. co.e teniËlairùe of . mâhlmèt cen re ain constant ;;heii tle heat eere_r''.d o' e 1e 4oo'r . 't. Lo l) 

".qr:' 
.d ù.: ," .o . ...r. :,. f -LcJ r1u,. À:boL,r'etu,e.o le,. b-.....,J1 ,ror re..l i-\\ -1 | Il,",......re d lors-r,

o, rl e bod\. Joc. .o , .-). .:-. e. i "r r .iii, . "t r :ue.
are loiÿer thâû those of dee! risNes. blri borh peripheial icmp"r"lu," 

"n.l "o." 
r"-o"-r''rc "F|.,r Ln-. rr: bt , e"r. ut -,,I di,,(rerl rerperârurc. \:r.

Go.doù and -l'olgskaja (14, i3) define rher.ul es .ùe Dr.sence of an ovef3l lreir
ef,ea -, a': . rr.J \' .l- c.,. Jr \.r. rre -e\p 1.e ô rte o. ïa.. \L.ir reln-{.,ùrejrpLes ân i.tegral rlÉ.mal eifect reflc.ting thcrmoregulation jn the ertire boàÿ. tt i§i.lp-r ârr io ,.. '.e. F, $e e.. F_r rlre .h.c ,.e , a re I p. -c.. e ri,e r L,e coton toes
ol e\c 'Je 

, te p"..'1.l'.r ", .u! r L.iec , , ..,", . I rùrer"' org"r. ,b.orojre
,nicrôlaÿe enirgy- Alrhoùsh the rlctal ietlleraure is a reasonably repràsentstive rneai
sure of deep body leDperarlrrc in sre.dy rate ccidiiions. jt is sto,i, rtindicare chanseq
rn qoJ) rer..c'x' . .ir. I ,e "e.. , n :, j-J io- .e.no .gu'",";i . dig.
cf the reia',ions benreea tlt..mâl siimuti a_jrd ihamoreglLtaiory respons; (j).

T\e !,.e!.'J...:.ol .'en .,-e- "ppio.c,,;,neaccuracy ot âi erdreered one {12). All rhe cohrti.ete.! nechaf,isms of h.ar resuirriônâ,cr,re--"'rdb, .ô-.oodi ..r.,netc.r.1,,ti,c.r,en|er,iuee.-
fect of the bloo.l supdÿiDg the hypothajaûus which caô âho tre influencc.l exDernren-.all o' .l -e., re. rrB. I ,- tre.ho I .r J .e.' t,-., ...r .ar on i. â!
lcrature ol5 to 6'C (10).

Ternp.rallre chângcs can acr âs stiûuli to djfferent oreans, infllLctrci.g their beha.\i l l e mre " $r -\ rn e. i, o...,._reJ $,tt \d. n-drt .rrer. .r..,i,.1.r"".:*o. ll-rreeil ,p rr.c,cù.r.or ne.bo', L. r"ce ,i-.. lt" b.e.i i;,.'::_;,.:
ieciiÿe hech3nisnB Io. heàt ccDtrot causes an unccütrolted rise in borlv remnerarl,re
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'l1, n,tt t.t1...,- \ r/ J, Æp ,,r'l\1 .-rt--,a1,., ,,n. J

. The mÀintenance of a certâin icmperàûre.i of l'itat jmporiance ro the organism
becaxse â11 biotosic processes de .on.liüoned by rcnperantr;. t hc temperllure;I !h;
tÀsueiiS ân icportànr factor ÿhich dciermines ùe exteni of tfre prrlsiorogic re.fonselo l.Jr. 1.to$ J .1i -, r rerner .',rre 'ri.e.rutJ. r" ,.,. ,..r. "re or..er,e_ q , ,"""ir,r...e enner"r..e.ould r.od,.e .h..ree n.t - rré.!Joi rtJ nt..,ot..g.c,ra^r._(

Specific orsân or tissue sysrens nay ..Îùnction,, ât â sisniticarriÿ rlitTereot r"t" tr
oLlr rrcrr r1iâIJ,,. .,'. ..,.,1. F,.ed ,.,.-- ..: rrr" ,L"raru," on

ttrermal regrhticù, Thaæ. (17) .oicluded thâ.. rÊlÀti?.tJ, t..Ae chàns.s in ùcutarion
are prù,oiie..l by quile mâll deriltior frô.r r.nrmt &mlerâiùre. ,{tso. thc cafdiovascu
|d-.,,,er1i'L\|,L''.'h.(o.,,-",ir,,:c:cÊ^|,U,.
oe-d . .(. I i t". c-,1d:, co,. tr .,,,.. .. ,h..n... ., "] :i ,c r. . I 1.,, ,. ot L,3r er
'igr,,','".. '.... r.dc..'' ,h.r,.ie l. e.."., ,..,1-..,;,e

Withiil a feÿ.iegreer. ne^,e fib.r tlannais.ioD !ate! aro ieÈFe.ature Cep.ndenr (6,
:12). I! nàrimdi ille ..:iiâl nerrors sts:en c€1s$ lo Îùnctnrn at 4.1 to .15;C â!d tÀe
heEl st.fi boatilg ài.iS'C. À risÊ in irnperâture .ri 5.C câuses a tuôfo1d to .hreefoid
iDcr.as. ;n pù!s. r31c, .\)ger ..n\jinerion, eLc. The mechaoisns of h:âr r.ilùh;lon
rrô.ciiraie,i i. s.ÿeiâi çiqs: by ttienret r{;ptors j! ihe shi., by direct sj;utâtion
oi th. hyDûihaiamû..id by rcceprorj D ihe lfinàt.cr.l ard.nscerâ.

]{eit r.c.ip'rofs .tr; disrjbuied ji a acflnile lrarlern in the skin. Scrlon §rhmiriôn
:r) iJ!r' . L.rrr. i-.,1,. .'.eor,h tr,!, siùL-r.ed irc-. . ,.rc: .:t.. .Ê, p..,rie o,r,er.tol-.,l,b or

a desrec iD . s...n.l (12).

THE{qqAL EF}.I,Ti]5 {}F MICf{O1VÀYE ÀBSORFîION

I'1 asesjn: the biologiù eii€cts cf nlcrcwâÿes. it ie esential thet the inredsarion be
1.iell-concei\'.d and approtr;âicjy.onduÇted, ând ihat ai irLctligenr relailoNhin ot ex
posure to an âplrc.Frilte biologi. ctripoinr be esllbtished. It is ditfi.ùtr. ho§,eve.. 1o
e'lr"nol.re ôld.e",r,ad. lqdjr,.bo,do.!crin.l.§i,hJt.eren-e.,I
methods ând capaciiies ot th.rnal reeùlition, ditfc.c4t àbsorption c.oss secrion. body
size, surlace areâ. and v;rh düferenccs in enelgy disrributioD wilhjû the bodv and i;

Utrdei normal circnmstârces arim.l\ hrvp an average râie of physiologic cootins.
vheiher they are a.iive or at red. ÿhich is determiùed by (a) geoneÈy _ ntio of bod;Iolume to surface area, (b) insulains fectôn fLr or trair. and tct ervironme*r'rIJcjor,. r.e. rerlpc.-,'rc Jir,rreDcer herfeei rhe t,o.rr ".o i.,.1,,.o,!d rB.. Le âb-
5crption of miùorvave energy in the animal mêdfests itseif in the form oi n"ut. rt"
nrâdiated animal musl compensêre Ior rhh hear iûput or else soffer a rise in bodv rem-
!er.r re

'l'hc extensive itrÿestigâtions iDto miùoÿeve bioeftucts dùring the tast 25 \,ears con-
L'r .i.e \ .ho- Ldr e\t)u.,,e ro .o\.. den.it\ or t00 1W ;r t.. .".".;- ;1,;,or lorr. J-pcrdrrS on'he:rimdl .pecre§. LJn re\ut. in f",rôpt ),r"toec narrre.',-
iiotrs of a thermâl na!ùre chârâclerized b). a temperature.ire wrri"fr i, o tun"tion of
the thermal resùlârory procescs and acrive cohpeisation of the ûimal. 1-he e;;;:ulti\ e rl-. re\eribre o- .ae.e \.bre cadrèe de.e.)d n8 oa j\e cond,,io1\ ",lil" ,"j"-,,o4 drd te i,t.\\roro8ic .rd,e ot .t( armr' A, poser den.ir e( bctow t00 r.r\ crr,
bo\rever, evidence of parholosic chanse is nonexisrelt or equivocal for rrrge .";;;
(24,25).

lemprnu-e ircrk,eri 'hc bd) J'ù',ce.pu{-e JepeDÀ upoo lher.rÔw'op /Jcrur\: (i) én lcr .pec'e.. rbl rhe §\eLiLic creo ., rbe bod\ e\po.c.l d1d .be
efticiency of læat etihinârion ât that sire, (c) rtucknes of si.in and s.ir"ràr".". ii,,"",
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(d) body type or ma$ and coÿerins of exposed ùoas, (c) orjeniarion or posirion in the
eleclromâgnetic îie1d, (f) jntensity or Tield stlenslh, (s) duretion of *posu.e, (h) fr€-
qrency or wâvelength of the eoergy, (i) etr\'iromeüal tcmperature, air currents, humi
dity, (j) condition of rhe exposed sutrject. sLtch às ÿate of health, mclhod of resi.âint,
aneÿhetizarion or other mcdicetion (32, 33).

In pùtial body exposure, under normal conditlons, the unexposed poftion acts a§

a cooling lesenon to (âbilize tho temperature of the exposed pârt. This si.bilizalion
is ilue to an equilibrixm eÿâbüshed between the eoergy absorbed by the exposed part

of the body ând the amoùnt ot heat cârried aÿay from that area. The heât h tlanspor-
ted via jncreased blood flcN to cooler pdts of the body thât â.e maintained ât normal
temperâture by heai resulâting mechanlsms. If the mount of âbsorbed eÀergv js in
excess of the optimâ.l amouùt of heat energv which cân be hatrdied bv the mechanisms

oî temperature reella1jon, â continLrous temperâtÙe rise, and under some cirÙmstances
lôcal tissùe destrlLction. can result (32, 33)-

The thermal response of male Long-E\tns rars (350- '125 g) exposed to 2450 MHz
(Cw) jn âtr anechoic chamber maintained at 22'C is shown in FicllIe 1 A1l rets were

pre handled and gentled for two weel§ prior io exposure. The bodv temperaiure was

i

'"- 130 150 10 90 -60 3c 10 3Ô 45 60 90 120 '150 +3lr +60 +90
iI NUTES

Fi!,. l. Colofic teûIerature.eslonsc in Éls eiposc.i 1o 24i0 MlIz C$ ûicrolvâ\'cs'

âl1o\r'ed to equilibrate in the chàmber for three hours before ilrâdiâtion. After 15 mi_

nûtes in rhe chamber, the colonic temlera!Ùre shoÿed an jncrease which required ihree

hoùrs to return to bâseline (17) The results of âposhs rats 1() 9 mw/cm', 18 mwr cm',

and 36 mwcm, foi 150 minutes are shoütr- The 9 mw/cm'9 l€ve1 càuscd a distinct co_

lonic temperatue rise, wheD compâred to the shan_ifadiatcd grôup- A similar tempeF
âiure respon§e tu mts exposed to 2.150 mHz (CW), 10 mw/cm, has been relorted bv
Diordievié ând Kolak (8). Iûcident encrsy ol 18 mwlcnl caused approxlmatelv twice
the temperature rise æ 9 mw/cm1- À11 of the temperâtu.es demonstrated in the iftà
diated râts were ivjthin a Énge obserYed it the fir§t fifieeû minrtes ol the eqülibra-
tion period. Exposxre to 36 mw/cm, caused a fourfold increâse iû colonic feaPera_

tÙre. These dala sussest thc lâbility of the tcmperaiure response ol rats as a resuli of
experimetriat nenipulati.n and ihe imPortance of àsærtâlning the relation of the expo

il

I
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Thermat Ellecis al Sihet. and Repeared Expoÿttus ro MiÙolÿoÿes 5

\ùe ro lbe equrribra.ior perioü in {u.tie,'1\ôl!ing lerperurure me.\rrere 1l\ in rrr§
âxposed tô ûicrowâvs.

The thermal rcspoDse in the dôs exposed to 165 mw/cûr. 280 MHz pùlsed (360 prl-
s€\ \æ,2 1 

ÿcec p, he u:Ll,br al Jod, hunrd y.on.\r. ot rhree pt,ase\ (.rr ti-js. 2).
In pbae l.'n,,ial lbE,ndl e.potue. ô.d) remNrdrure rrc-eâ.c\ bÿ | ro(. ''l boL-

$ aoi

42.5

33.5

38.0 5 t0 15 20 25 30 35 .10 45 50
DUI'ATICi.i OF EXPOSI]RE

aig. 2. 'l hcrmâL rcs!,oisc of rhe doe cxposcd to 2800 MHz pùlsed microwâÿcs. 165 m\ri//cû!.

after onset of exposure. ln phase Il. period of thermal eqùilibrium, rectal temperâlure
stabilizesi tbrs may Iâst I hour, dlring which the temperâtùre will cÿcle between 40.6
àûd 41.1eC. In phase III, period of theûa1 breakdown. tlie temperatue rises âbove
.{1.1'C, continùes inffeasing rapidly ùntii a Ûiricâl temperaiùe of 41.7'C, or greâter. is
reched. lf c)rposrc is troi slopped, death will occu. Exposure of dogs at 100 mw/cm,
for periods up to 6 hoùs doB not caùse â critical recial tempemiure. Iniiial heâtirg is
s1i8ht, the animal remaining jn thermai equilibrium durnE the remâinder oi exposure
lFis. 3).

On the basis of observatiotrs on rats exposed to microwaves, Gordoû (13) has con-
cludedr (.) there is en inverse relâtionship between the microwave inteisiry aûd ihe
etapsed time until death of the exposed aninals: (b) Uie rection of ânimals to m;cro-

ô41.4

;4r.0
(4o5
fi 40o

È 3s.5

É
g3&5

2800 MNz PULSED,l00mw/cm2

r8 oà 120 160 200 2,10 280 320 360
DL_rRÀT0N 0F EXP0SLTRE (MlN)

ris. ,, Respome ôI dogs exposed to 2800 MHz pûlsed micrôçales, 10O û!V/cm! at vùious
eNironmenlal 1empe.âlures*.

2.q00 Mnz PULsEo,165 mw,cm'z

. NCREASED RESP RÀTORV
'TNERMALEQULIBRI]'I .BREÀKOOWN]N

THERMAL
EOUILBR U14

. COLLAPSE
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warè expoaLre àlî,als jnvolits the foliowing three period§: an orierlâlioù period, aÙ

excitation period. and à passive period (ÿi1h o.càsionàl spasm§) ]eâditrg to dealh fron
hyperthemjat (c) hyperthermia is dùe ro abtoryrion ôf the incideni energl md its con-

vrsion to thermâI energy by dielcclric lô$es itr the tissues; there it eviden v also a di_

rect effect of nicro\taÿcs or1 the thermoregùlatory ccnlersi (d) the nost rapid lelhal

outccmc is pro.ixced by irradiâtiôn wiib iO_cm \ràves of ligh power dcn§itv: the effect

of decimetci. i cm lnd 5-nm ÿaves is 1.8 Pronôtrnced; {e) ior the càoe lrower deNilv
of 10 cm wàvee, leihaiil): is higher and more rapid ÿith pulsed lhan CW wave5; (i the

surlirâi of aninals e-pose'l io microwaves, of evelt low lower densitv, mav b3 affected

by changes in lheir dret or weter intaLc lrradiaiior im!àirs the ânimal\ tolerance to

subseque,rt phvsicaL strtss. Temlcrdùre r.'pon!e obrained bv Gordotr (13) is sho\|n in
-Iâble 1. Sh; shÙÿed ihat fo. e consiàf,t eaposure tiûe of 15 30 min. decimeter (dûr.

§entimeter (.m) and miliimoler (mml §eres p.oliücÊd rises ill rectd tcmperailrc ât
differcnt th;sh;ld inteüsilies. Th. ljniriDs subôptimal poi{er dersities liere respecrivelv'

5 7 mw/cr, fo. r,M §'aves, 10 nw/cn'9 fûr 10 cm ÿaves atrd >40 nwicm'? ior
dm wâves. A conlpârable wàlelenglh depeDdence of thermogenesis krs been seen itr

rhe Cos lvhere 2800 IIIIZ pû]se,l caured â greater thermal effect thaD 200 NIHZ CW
(FiÊ. 4).

'I â51e 1

tnc,êmen oI Brd\ | 'ao.u e o' R . i^ . .

\Àr - ,or lr ÿ '_

I ec)

2.5
5.0
7.'

10.0

-0.1
0.2
(r.3

+c.3

-0.2
0.u

-0.1
-t0,1

;,:i srr !r r! rr ':ir ]'
rriiAr !r !.F lrPasJrE 'r1!l

Comparisotr of thc Ènûl rcs!on!. ol the dog ealoscd to 2800 }IlIz lu1sed aLld

2ô0 Mt C\Y $icrowàres, l6t û\l'/cmr.
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Thetnel Efïets ol sin,rle @d Rerya..d Ëxpasuts ta Micruvdr.s

Ihc iDflùencc of body si,e

Efidence is âvâilable on tLle relàtionlhip of !!ocie3 ôi bodi. siTe àûC senliiiÿjil to
ùicroiâves. The sunivâltime ol ratr.r,pised to micro.ia!.§ 11:ll :! noteC in Tibl: 2.
trr conlrâst, exloslrie ol dogs ro 2800 MHz plised. 100 tl-\,',/i cr, coxld be coiiiùû.d

Tabl.2
sDrljrâl Tine oI itàrs E,!ùseC to Micrôwcles*

6a (5'.lr;)
601110%)

110 (j0i?)
180 ija?t)

4t t50lo)

iôr 6 hoûrs or more (Fi-s. 3). The apprcnl greâtü sensilil,ity of smaller animal .pecies
(râis ald ra'obits) can ire se€r ia Fisure 5. Althoùeh a greâtcr 6eûsitivity of rabbiis and
rati is shoÿrn, it is noi qujle cieâr ûhether ii is only the body size Fhi.h i3 e tacior ôr
lrhether specilic differenc.s iq phFiologic regulaiior âmor,g sp3cies may p1ây aD cqual-
jI imporiaùl pàrt in ,he resloDso (15). h rrhole body exponùe of differett species oi

a'15

lt"

2gù! Mrz rL,LsÉ:r,li5 m[7.m':

f i r?i 13ù r,tt rao r.ii ri

.tt

aig. i. re.mxl rctloise ol vâîious sDecies of animals cr?ôsed to 2800 i!{l!z pùlsed nicro
wâÿes. l6i n§lcm:.

aaihrli. Tjasin (l!r) demonstrâted that ihe response was deperCent not ontÿ ùpotr th.
p.wcr density but also upon the animàl's size and the quàlity of its thermoregulato.!
.pparatus. Exposûe io 300 mw/cr11, rÂised the rectàl temperaiure iry 1 1.5'C in dogs,
4.6 7'C in cÀis end ratrbits, aûd 7.9-10'C in rah. Subbola (i6) noted ihâr of the

'àriltioûs in respirâtion, puhe rate and trlood pre$ùe oI dogs exposed in short term ex-

€FFêc.{-s { H€.ALIH gAe4È§S aÉ kic]?§t /^vE. R*DiÆ.iéNÀ974
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pe,iaeûr\,ofiBrt,ose-L(!,r ie\,:00- j0ô rr\À Ltrrr.rbebooJp-e$ureqc.rhe,.o.
:libl.: 

pùiT,:t:r.glher exesjmeùtâl animâr§ (cars ân.l rabbits);re kil1"d ;y ;;";-i;_
renslûes. At 10 mw/cm, no cha.ses in the cardio,*cut", .yste"r app*reo. înes" ie-.urr',e,,nbas./e .be.rerJ ,o- dpp,opriâ,e .c.rine. eaug.re ;- e..;;-;;..;. i 

----, 

"-,rr.r nde,o be r.voke! i! rrl inLe..pe.ie§ confari§o1 0. nicroud\e riocrrec.,,n,nnn
Lbom,oD arinal" and e,pecidl,) be scer d rirri dod md.

Thlmâl gmdients ùd Jistributio, of hær

. The dntrib]rtior of hear indûced by microsavcs iD rhe bo.ly ârd particutarly the brainta. \een.r iDre-e.t Lo .ano-. i!\e. r8aror u.je n. dets d1 ' cor.lnnire rhe re. rtr, lr,Jr na Ap(rimeirar;oo rt<. lE. to. 1r). The(e jren,t"rior. ."d ,h.ir,;pil;r,l;;;'l
be discussed by D6. Schwâtr dd (juy.

Using the percentâge of EM eær$r absorbod in !ârious body rissues which càn be
estinEted âpprcximatety ftom the etectric paramerers of the üssues. presmaD (30) made
calculations for the case of exposue of the oc.ipiial resion of the hed of na;, ;èLai;,
ard r.,§ ro E\'ll ) o. .Ll'err i8, , equenc). He .o.r.d ,târ ,e *.rl, .I """." ;;;'!,F,m,ee inro rbe .ubconrc.t .a ....ur.1ûp ro.nnJ,ize, t"5 ;

Table l
Percenr of Mi.rowat'e Energr- hat penerrarcs inro subconical, Stectùes of \.ario$ Arimats+

1000 IlHz

30
20

5

' rÿira&d lrôo P!èÿ,rn c0)

In considering the impLicarions of thcse studies jt is imlortant to rea.tize rhat brâinemt,c.. u'e \ Do rl',o.n. rtre.e i. â rrJd:eot o. "ppro.iÀor.,r 
, -"C be,r..n I ..c.

.rd deel brârn § 1!rure. '7. lr..trr. he bmrn r.-i.". "n.rr,..'.1"".,, :;t,, ,;
lLmôerd'ù-e ri.c. !eo,râ her n^ôcLe.r01, aFJ -onl,ol neriobe,al ùe-nor.JJa o.J ne
chanjsms duriDs heâr stress are tocâred in the 

""t.rio. r,ypotr,"r.nror7pl"optiJ.i"u
,{H POr r2ir.s,nce rE ao.orpr,ol in rt" b,,'" . "*-u" r; 11 

" ,.; i;/he rr. rre or rM ù..Je '1r.r"c.;o1. d1J ,he Do(ibil ) o.. Lor .for., rl. .,orc.lof
LÙain location for temperârure me$ùement wli mât".i.ity .tt""t tr," .".rttr. ri ,r]"J,irl.o be po lrcu o! rhcr .o cJ ea co,e or h,sh .o,o.r. .e;-".,,,,r" ,. " f"", ..",._.;
iu" b-diu *Tper"ru e. \..me'oL, refors. §nere c?1;t airl rec.at rempea,ur:. .ere
limlrlran.ously mcâ red, hâÿe demonstraied thar itrc temperarr:res Oiverle wittr unpre
diclable lhase âlrd amplitude diffcrences (1).

Brain temperâtue e1eÿatioûs more rhm about 2.C above ser-poinr aie sufficien! forr! '.o\ill lemo-eBùldro) re.!oD\e( ,20,. \tc.e.cr ,r rte o;.eÂu "r oo Late. ,, ,.;
rrt.D ri.,.'_r oi AH Po relncmrtrre ircreo.e§. ooLe be orJ rtr. r.,se,.nc b\ne--rtrüJ.otrd beloIe rre\e,.ibte J,e ro où..r \- ieeJbrc. I, h,. r,""i T.."..-i","urnâ u t"( ., t,re .nduL.r reln..arure e,e.aj:oD ..irL rh)..ot08.crt .ign,llcar..J. \onIûle| (:10) has sho$'n thar a 0.1.C elevatjoû i" âdcri;r jlypo;haram;r;.;;;i; ;;temperature resulrs in the sene.arion of a i00 mV sieady irotenriâl ;" ri"t it ""t*.
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Pqipheral eÿidence of heât losi mode processine by centlal thermoregrlators occurs with
abour 1/, to 1'C AH/PO temperarure etevation (35).

In essênce, investigâtions of the disrributioh of h*t reveal thar âna1mh ôf micrô-
pd\e bioeifecl, and âtrempl! lo e rupôldle rt-em rô md mùr rake inro cotrsiderxLion
the importance ot alimal siæ, themal gadietrts and species differences iD regard to
b.aitr circulaiion md regulation of brain temperarure. Ir is appàrent thât phyaiotosic
rcspomes to sùbt1e temperature chmges may occur jn small animals which have no
.elevance for làrger arlimals and ma!-

Rrperted crTosorcs - coDp€trsflion, sd,ptdticn or a(limti,âtiotr
Gordon (13) has repoded that rats exposed to subleihal tevels (10 mw/cmr) of flrn,

cn or dm wâves shovved ereater tolerânce to repetltive exDosùes and were in a sâti,t-
ldcrory srare arrer 5 ,0 se\sion,. she suesesL-,har p-e mabtl rhc'Dcrear.l ,otemn\r
is due to compef,satory mechaûiÿns that âre called into plaÿ.

A similar pattertr hâs beeD observed in dog-r exposed to 2800 MHz or 1280 MHz
pulsed. Repeated expoÊuês to 165 mw/cmr,2800 MHz pulsed resxlred in improved
lo e.aDæ âs e\rdeDced by ,l.e ab;'ily lo ùu(ces \el\ prolong e\no,ure l'.ûJ uirb mDrat
lncreâe. io rerperarure ând nrogres ÿe dep.esjoô of ..baat. temperarue (t ig. ol.
Exposure of dogs to 1280 MI-tz pulsed, 100 mw/cmr, six hours/day, five dây§/»€ek
for four weeks reveâled an increase in rccta1 temperatue duing. each exposùe lor

2

224

20

oô
14 16$2A22

ais. 6. Microwaÿe tolerdce nr doss repcdriÿely exposed to 2300 MHz pulsed microsdves,
165 mw/cmj-

lbe lrrsr seek. Durin€ Lbe ùJb,eqreDr ,tuee $eels. Iemperdlure ir.rea,s *..re no.
derate. A progressive loweriq of p.e-exposr.re lemperature \râs evident âs the number
of exposues wæ Jncreased. Exposure to 50 mw/cm2 ;niria.ily resulted iû slisht remDer-
anre increlse. P-ogresive loq.rine o rbe pre eipo.uJe Iempe-ârnr(\ "", r.'c".,
the exposures werc repeâted (Fig. 7).

Plillips et â1. (2E) troted acclimatization in râts exposed repetitively to 2.150 MHz
pnlsed (20 mw/cm, or 30 mw/cm, estimated) usins temperatùe response, ECG ànd
heÀ/t rafe ,s criteriâ

Iù rats expos€d to 2450 ML (Cw). i0 mw/cm?, 2 hoùs a day for 30 dâys, a slisht
rhern.l etrecr âod ncred\e in ,ore blood elemeôh occû-ed during rbe tirs. phd.ea

130
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lf,g,7. À{icrô*â!e rô1e&!ce in dogs repciiriÿelÿ e$ajcC io i235 NfHz lllsed ûicrôn.aÿes.

ot irradiâtior wirh â later rendeûcy toïârds normalization or adaptalion (S). Expojlreof ..âts 
_tu 

3000 NII èi 16-94 m\lr/.m, for I miD p.r a"y ta-.t *,r'iâ *rL,1;J
ercitâbiliry (attei 14 20 expo ret and theD to redu;ed ex;ihbiliry (25. 27).

No cmulari!€ effect of microÿ,a,es has beeD demonsr.ared ir'-ai"r!o** ot
adequare thermd resulatiotr is used as the crilerion. t,rt"r-itt"ot 

".por*" .t rfr" "ii.uiaùimâ1 can be toleraied for ertended periods o1 ,jme and is reiatea to trre irtervai
b€tvreen exposures vr'hich lermiis the animat riri,c ro recover. These fiûdiDes ôf phÿ
siologic adjrsrrent to repeâted qpocures make one ponder ihê ralidit,,, o; mea;;sof the reports which ssest cùmxtâriye elfects of n1iclo1îave exposure below iriuri
rllrL,r o'. Ie\:..

Cêràractogenesis

lliermÂ]Iy induc.d opacificarior of the lens of rhe eye car occur a! â resut! ofricrowale ene.gy absorprion. Ilr. Càrpenter.lviil review tlese fitrdins
T a'sl n ' mri oJ|t"r c rer ., rcr)\; ôt r,e ro,. ô. ("r;elrer e, âL (a, j,,

âs ÿell as Williams et â1. (41) ând Birenbeum er a1. tzl. **or. tl,ui*r,**", 
""ü"i,
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arc produced amons animals sùbjected to differenl po\'vcr-densitr- time relâtionships,
a ttueshold becômes obvioùs. No one has ,\7et been 351e io prodrce catarâcts eÿen
by refelitiyc crposurcs \fhcn rhe po\rer"dcnsiry-time relatiotrship is reallÿ belo\ÿ

It is important to nôie thât lens opâcity hÀs consisiently been froduced in ol]ly one
species, namely thc râbbit. Alihou8h the râbbit hàs been rrâditionauy used for siudies
of microrrave caiaractosenesis. one mighl ash ÿhcther this speciee is the most appro-
priàte model? lve camot erclude ihe pôtibility that there may be a truè difi.rcnce
ir liüeshold lalùes for lens chânges in various species in ÿiÿD, even thoùsh
this mày nût be readily or casilt, contumcd (11). No doutt one also h.s
to bc concerred with thermll gradients itr the eye. Eor exàmple. in the normàJ rJbbit.
wiih a corleal teinpiatuc of 32.3"C. rhe aqueors humor will hare a lempcratu! of
i3'Cr the àrterior N.fàca of the lens. 33.6'Cr thc inlerior of the le!s. 15..i'C; the
vitrc.{Ls humor.:6.5'C ànd the retinâ,37oC (31). Such temleiaiure ditferences h1\,e
10 Lre ieker tnto coüideraiio! rhcrr trl.ing to relete càtÙàctogenesis wi',h lcmperalLre
measùrements in the eÿe. Itr addition. lhc metabol;sm of lhc eye is infl!.n.ed by icm-
leraiure. Thus. jnte.species relàtionship of triochemical consiituents hâs to be takex

Neural cff.cts

Repcrted nelrâl effecrs and bebalioral chanees resltlting lrom eiposure to micro-
ÿàves ire nôi necesùjly itrcon*tent with thermogenesis. It should be noted thâi be'
havjor ic not a sirlple lroces but is the eapre3rioù of different eifects in vâ.ious bôdy
,)irtcms. Tcmperalure inpût signak arise in mân, body struciures thÀt haÿe bien thoî!
io eloke beluvioral aÈdjor physiclogical respoffes to chà ges in local tempeièlure.

P;nneo et â1. (29) haae postulated thâi many so-called "non thernal" effects of
microrÿalc exposufc mxy e.txelly be speciiic thermal effects on cÊnain leûral strucrû-
res. fheÿ cxamined the themral srimnlâtion ôf peripherâI nerves exposed ro 3000 MH,
and 10,000 MHz miclowaacs ard hfrared eiersies. They showed üât a1lth.eê sources
of el.rgy lrodrced the sàme ellecis on the .crlrâl ne ous sysiem, arrd srggerted that
€xperinenls plrporling to show noû thermal effects should be examined with ihe
posjbility itr m:nd that a therràlly-induced neùrô physioiogical respoase may hàve

McAfee (21) po;nts out hôw .l.ia can bc nisinteryreted ês rhe retüt of some
unkû.trn eilect ôf nncroÿr'ale r2.!iàtior, when hyperthermâl effects are not inaolved.
L ca&, whe, periphenl nerves arc stimulât:d by 45'C temperature, âdrenâl me.lullâry
secrelioa occurs and a rise in blood prcsure i! del,eloped as a result of adrenâI
secretion (22). Ii appeàrs ihal fu.iionai càrdiàc chànges cal1 occûr as a resull of
microwâve expôsure. no doubir es â reslonse of the autonomic ùefloxs sÿstem to
the thermal effecls. Thermâl st;mulation of peripheral ner\es can prodûce the neuro
!h siolosical and tielâÿioral chdses that hâve tJeen relorted. 'ahe lnteràctiôn between
ihe lerilheral nerÿous syilcm aùd rhe cent.1] neNous s,lslem \lould account for the
reportcd eflect§ on heàrt rhvthm, blood ohemistry, clc.

EXTRA}OL.{T'ON FRG]II ATiI}tr{L TO MÀN

It is appar.nt that e:trapoletion frorû aaimâl to man is most complex. Obserletions
ln the living anifral indi.àte some of the vàriàbles that ùe a rentlt of the jnterplal,,
of ph-vsicèl faclors ard physiological coirrols in a Liling dy!âmic sysiem Nilh muiiiple
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integreaive fuûctions, feedback rnecharisms ànd redurdâncy for which the individuairelies upon homeotrinesis.

.-9-i1"-:: ll t':P"-. ,. .d),,g o,Jr ,É,c e ,e.,. ,o.r, ù.ônJJaar
'l":,g,'":.. \,r'e.re\r.u..I r.e n ^r p.-.o,),dreâr.ii".,pe.ie.,o.jrLJ\.Ar-iâ1

,eteceJ u,t) ùr ,ie b.\( o, co..er-e,ce. -""^".) ..,"_t.,,,, _";s ho. es.rü ,o ,fe'. .J L JiL.) ror rre p-.,en r,a.".,,,i.;".",:"..,;.".i
oi -sde-e.. rd .",,""-. , ,. ..,"" .. " ,t" ., =-." * ., .,. , " , _;, ;r:,, "iro.1.ha\eooriL3re,t *.,.,1,1,,.,"r""-,.;"".;-.;;ï"',;;"J"
.r.e.. hd\e td ro ;tror"e. r.rerore.r.. r. ncLe\..rdr,aê 

"",...,,,.. , 
",...r,,,";"I log..dt ipn'.dr ùr ., ,hc 

",1"Vrr) c rnrl J d e. or rle ,-..Âl.e ro Rf or n,jlrosJ\. J\p..,1-e t.\e be.r doû-\rrr\ndtt -u(terr\. 1.. re."uD\es ^. L rci i.ê ror reâJr ânrtr;d.te .o ntr a" *i",.os'ns ,o d,rrerence\ o, ,er, "b orô,,, r. 1r,;-e"; ,..._,1 jr,,,,,,i,1,
smau bodr_surtàæs. ard relatiÿely poor themal resuiâtion in ".;;J-;-;;;;;1'\ 'ûe or . be\' Lerr.t rLgrt.

A ..nf,mr \e ,:19,- " . pr oDrire ...c"t; ,s.. o. j.c ôt p.opor..,o.r, r....1,'\ Dà! c ô ,re elur,.,ol on ot he narure . "orr rr im"t. ârd ,, ,.,cemar. in his proper bioiosicat per,tpecrive; it relaies rhe otr**lï"r,1" *nà,"iË",sfecies mainraiD homeostâsis, characterjzes animâts particutùty ,it,.u" r"î à".",
. ir'egr ,-. rr. .oo-ai,.re. ""rr"m,-, p',r.,.t.;" L;";...ii: f"":"i^"_s_: 

.tl 
:,1 . ., ',.-: c. r-.'" ,".,:, r 

" i. "..isb,' i,otog c i I b, es re ân.org o., ere ,,ânimah. study interreiations with enljrormenlat 
"."** .,a t"J 

";;i, ;;;;;;moÿ suitàble Jor s1ùCy of imporLanr f1lnctions ro proÿide a. tasis ror biorogiJ een+mrzâiion. rt beho'es the inveÿisaror to become aware "t ," 
"u.i1,"i",-?,il"itî.âniûiats ro obtain rhe mosr mcujngrùl reÿius for srudyins ,h" ;;i;";, ;i ü-;;mrcrowave expoÿue so thar retieble aDd relevant extrâpoterion to màn can bc mede.

CONCLU§iON

..I_\ÿould-1ike lo conctude or a perroaal nore. We, as scienrisrs, concemed ÿirh theb'ô'oe'c c',ec,. a1d lc" | 'n|câ.'o!\ ui r,c owâ\( "-"..,.e 
. ,.J; ;"; ;" i;:

::1,::.., i"d neec..or ,oc,e,, rr \ -r2r o ,1 . ne\er. ,ere*. rhdr ue do ro .u... , \ J, e\,r J.n.-q,ion \-,etre i. \rÂseJtc Oa,eO ", r.-,o_,r. ,.'r'e\ drd d:.Lirl 1e, $t:cIir\Jt\e \).t.r,r c.r.r ,nb..ed olr,-,er, ior.rl 1\)ed.leqri'celerr."t ot rhe ùe" pot .h.ce,r. \c\ot". KuDerrit rLô-ptrncù\,.ter r\ro,r..e.'er,or ,,"-o,,,i1,,.,^.,0r.r,". 
"l ,r..,.ii'1"]i.;',i,

"idl\\..ob,e1"r,oL .,r. .r;or.-,oLrsr,;;;';:;"ù""';".
'J, ins ves 

. 
he,d_ .i' ce , h( rine or p.oen,..,,""...i"..r-".",-"1i",., ilun'er\e anl .ep.ced ir §,1rLjs \icrl|,'rdt . J,o ed te.io(erj-;c,t.",,.1,."".i:tk_. r.lloseJ D. orte gre,r ft i ùr. t,t ea , , ,uen.e. .,.r ". 1.".i.n,.À,.iml.,i.e,r rr). $'1o i .r.eJ oi tJ co...!rd n err,od.cdt ob.e1J,oo or.,:,.,: ,,-,r,"bd.,. ror " .oD.letub,e ,1r1,: c re,,.l i. ,-,"',-;;-,;, ,.,.ï".:De.cd1e. .,ru ,.$ rert-o.lo,og] i, ,.i.,* r,"."o 

",;;";; .,';,.,,,';thân experience. resuliiùs ilr â molumentar discoùrse or merhÀ. 
'a."irii-r"-'i'..

Fre.erl cer,rr\. s-rl rte ltougor. ,.J \ôr.., ot aJb.,. t.n.,e.r ,,,j li, -. ..;,.
",.r.re . ,'rrr \ lcrterrc.i.r't . ,e1r,db e b".ed ,po|ire ."-cF .r,.i";..-" ... ,:...

Èrom lhese great philosolhers of science rhc scientific or trlpothericodeduciire nerh-od hâs eÿoteed to lvhich we at1 shoutd subscrjbe. Tht, phjr*";;y *" ;;.";;;;r";i t,r,
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i.)ur ruts wliich m!! bc cla$ified as: 1) collectine a series of observârions.2) forniDe
e! h_rpoth$is thàt liils the observâtions. 3) testirg the iruth or fâhehood oI thê
h,rlorheljs and 4) usirg ihe hypothesis in erianiraiion of furiher olrservations or re-
.\eminâllons of those abcady corsldered. When the hypothesis answere suitùbly to
r:peâte.! ôr sufficieùrly dellcâte tests. we havc a llnding.

It i\ distLrbing to rcad certâin '\cientilic'' ù1ioles or reporls rÿhich are conLrivcd
io ccnfilrce ihe reâder of the ruih of ceriain views or io put him itr posesion of
eertâiû knowledse. Such works quite ollen obscure the proces by \ÿhich lhe expounded
\iews §ere reàched, ÿhich usualty consits of a series of inprovi\ed judsenlents of
rÿorking hypotlicsc! intetspered wilh â plovjsional series of observations. Matry such
judgemenls are normâl1y fôund untcnable and màny observations iÛelevaDt, ill chosen,

bedly mâde or in need of further tesrs.

In rhis presentaljon, an aitempt has been made to review. s,vnthesize, and criticallv
analyze the thermat resr,onse to microwale exposure. Althoùsh there is considerable
âsrecneri amorg sclertisrs. lhere de lacunâe of disagreement. lt is highlv recom

mende.l that arparent disücpancies be studied and analyzed in detail, takins inlo
.onsiderâtion aI the biophysicai, bjochemicâl and physiologicÀl facior§ inside the bodv
aDd c)i1ernal facto§ lhât miSht influerce lhe response of the organirm One must
coDsider thc hoûeokinctic systems that mighi be involved in regulatiotr as â re§u]t
cf exposùre to micrcNaÿe energy. Eree internationàl exchange of inlormarion ând
closer peEonàt contact betweeD scieniisis would be invâlaable in helling to rcsôlve

thc ditcrepâncies aùd divergence of ôpifliôn that exists iD the understandiry of some
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RÀPID \?ÂR§TINC FRO]\{ HYPOTFIER}IIÀ BY }IICROW.{VES

H. D. Baillie

Cruûls.li Hoslital, Xfanclcstcr, Erglând

INI.I{ODUCTION

TLlere has been a ]rleâ foi furiher rerÈarc5 on the iroùible norii4rnal efi.cts of
Ei.roÿralc iadiailon (1). Thù inlfDrtance oi llis 5{ri.ct it1 l$sssing healih hàzi(h
:nd eÿàb\sHns rafeq, staadtu-d: »âs st..s.d'ÿ1ien st.oog.lid.nce È!! pr.s.nted
iL{Liceting rhli n..1hclmâl eilecls could'.e cnmul..ine {2).

Â recori ieport sùs3.!ie,.l tlrlt bpolhcmiê ccrld'.e !se.i for ùlmÀ.ting ùonlheitnai
ellecis dùinii roxertul c].rollrres cl s:-.rri ür'àiion (ll. llii. suggefion conld be

nlpled Fith sdlaitâge.
'l_he lollcwirg sllC,v .lescribes ê ni.iri,)ti.!e nerhô.i ior pr.,rlu.irg ia|id §arrling

from Fùpôthefmià iù liie rài. Ir xat arlelrled lôr iNesiieatins iLe irhyliol.glcal
r.slonscs to rapid sarning büi !l ûal.9r,r!! ot v.rlüe ior reseirc;r on ihe norttii:ùnal
efiecB of micro$âves.

In à p.etdnarr reto.i {.+) urrôoiiied expolure of a h),Potnermic rat i a microitate
c.liiy was showù,.o prodùce brrnr ol ihe eninat's c:rrtniii.s Thi§ o!e!he.ii!s rès
irrclenieit b,v coDrerliis lhe aaimais bo.fi io e uifo.n seoineLric !haf? by ainersing
It i! a watcr j:ict.t during crf.nùe.

Tlie final deslgn .f ihe v,'àte. i.ckci e]rd debils af the rapid \tarr,lng method àrc

de5cilrd ii tbis coinûùiicitior

AIPÀÀ.{TUS. I{EIIIIODS 1]!D , IÀTERTâLS

ll';tu É1.r \ïelghins blvreen ?00 ard 250 g were used in tlis t1udy.

AEc§ihcsin

À11 c:perimenlr \iere performed with the a .:râ1s under general anesthesia The
anesthetic gà§ mirllue ÿas nltrous oxidc r_01t. o\]gen 30% Fith halothane ÿa,or
0 2.5%. Tlie lelcei1lège of halothatre Fas reduced dr.iLlg ccoLiLlg ard it was discon_

tjxûed 1i 30'C. Ai lowcr temleralures anesihesla wâs mlintajned bv cÔ]d nÀrcosis.

A! côoling lrcceeded the oxygen concentaticn *a§ i.ùidlI inâreè\id io 100% so

rhat the boCy l1ûids were sâtriraied with thir eas at the lo\ter limit o: irj,'lothernia
The tecbniqüe \ÿas reÿetsed dnrnlg waimiig.

OJling ,nd 1vâming bY ConductioD

Surfâce cooling ênd wârming were accomplisheC b)' irraling ti1. uftÙ'tred thorâx

.!1d âLrdomen vith water at lhe àlpfopiare iemperalure.'fhe appÙârllr comisted of
À nàter rescrvoir and a §Ijray dri!.n bI .ù clectric pxûp. Th. animals Lro'1) ÿ;às held

in â small plaslic box. Thjs had e heâd recc§ fo. àdmiritlcriDg ihe anesthetic gàses

t^nrO - Baoloqi<._ eFtec.{-s { +r€_ALfH gAeAÈ§S êÉ kicr"§,,^vÉ (*DiÆ.iar.J
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16 H- D- Bdi ie

and an oÙilel pipe for reiÛrning ihe water to rhe reservolr. \Yarer at .+.C was used
for coolins and its temlerÀtùe was màjntained by addiùs ice. The icewàter.wÀs
replaced bt, ÿarer at.10'C for surface wârmi.g. This temperatùre was nraintaircd b!
:t ihemostaticâlly conlrolled electrjc heâting elemert located in the base of the re.

\{odroritrg

The body temperatùre wâs recordod by rectal aid mid-csophâgeal rhemocouples
dùring surfece côoling and warmins. The respiratory rate wàs coùnted by ôbserving
the chest movemeûts and the heart râte was recordod by electrocardiography.

Thc Contlol croùp of Ràts

'I $,elve rats were cooled to lE"C ând warmed to normal body remperature usine
rlle Nater spra,ÿ. The cooling and warming times were recorded q,ith the other para

All ôther ràts were côoled by the water spray and wermed by microwaÿes.

Microwavc lYùming
'lhe apparatus was â 3 m X 1 m X 1 m câÿity which was energized at a nominat

Ïreqlenq of 2.5 GHz by three water coolcd masnetrons. I! contâiûed a mode stirr.r
ând a series of reilectôr plates which prevented the fornrârion of static poinrs ôf focal
.onceni.âlion jn rhe.ândom field of microwaves which wâs fomed by reflection from
ils me1âlLic inlerior. The maerctrons were eâch rated at 1.5 kW giÿjng the cality
a dielectric heatins power of 4.5 kW under optimal conditions. This hearing power
sould be adj$ted between zero atrd the meximum from a control console. The iield
jn the center of the cavjty was uniform itr tems of its heating ability âs shown by
rests \rith a waler 1oâd placcd at different posirions. This ÿas ihe wôrking area of rhe
cavitl. and it contained a thin plàstjc stâging lor suplorting the \l,ater jacliet. The
l.eqxency of the microwales corresponded to a free s!âce ÿâÿelength of 12.;1 cm ÿhen
meâsured with a coexiàl wàlemeter (Fls. i).

'lhe vater jâcket was made of plastic (Perspex). It wâs a vertical cylinder closcd
at the loÿer end try a 15 cm X 15 cm llate. 'l'his plate was supported âr the corûers by
Iegs \rhich ÿere 3 cm hish. The cÿinder was 32 ün in heisht and ir hàd ân internal dia
meter of 6.5 cm. Compresed eir was piped through ihe bâse to ensure gentle âgitaLion of
the wâter dùring exposure. ]_he lmmersed rat wàs prevented from drowning bl
erclosing üe liead in a c)4irdrical plastic helmet. The anesthetic gÀses were pjtcd
throlgh the uplr srface of rhe heknet and they escaped from its lower border to
the surface of the wâier. Thè rat\ heâd §,as secured within the helmet by a co1lù.
'lhis was a circulâr disc sith a dot cut ewaÿ for the neck. The collâr was fixed to
the basc oI lhe ilelmet by a screw rine Gig. 2).

Hylorhermic rats were \ÿarmed from 18"C ro detennine rhe exposure rime which
*ould raise the bod,ÿ temperâtrùe to 3EoC ÿith rhe âppùatus wôrkiDe at fuII power.
DJri.g I re.e oo.e^J,'ôn. rle ir:r'âl {.rer dc.e remjrJror rre w?\ .ùied ro .le...r ne
ihe value which would ensure a \rater tempe.arure of 40.C âi rhe end of rhe expôsùre.
This was repeated ÿith ihe âpparâ!ù {orkins ar rwo rhirds and one rhÿd of rhe

When these values hâd heer oLrtâined three groups of twelve râts \rlere lÿarmed f.om
lS"C io 38'C, one group for each poÿer setting. The conditioû of rhe rars foilowine

eFÊec]-s { HeRrrt pAe4èÈs
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lür:-:.*:l§Sf§,_{T!'rrlr'-
,"i:&;;|L:iit 1

w&w1
;r'

ai! l. îhe I{. H. 1500 \Iicro*rre Cèaily xod Conrrôl Consoic. Origiùl desien of Lhis
ellcrimentai ûodel bÿ Eiliot lllc.tronics: Englaxd. O.e maglctioù h.uslng is seeû ôn the
top ol tle câ\i!y belind rhê sliding door, Tile û.Ce stiiier is 1ocâted in the roof ot thc

ca\ity belhd the lo*er ede. of the slldins door.

iÿamins llas obsened. Dâmaged sunivols were deslroyed. The rcmairine suniÿoN
weie âlloÿed to recover from the ânestLlctic and they ùere rehrrned to thejr .âges for
obse alion. 1\,1ære minor burùs became âpparont afier a delay. rhese animals ÿ.re
âiso destroyed. The others were maint ned lor ihree monih! before being subjected
to post n1orleln exâmination.

Varietiors jn the temperatures of ihe bodi. tissues were siûdicd ;n ivrc rats lollowing
micro\raÿe warmiûe from 13"C. Olre of ihe â.nnals was Li1le.l belore-ràrmiig ro
eliminate circxlatory effects. The tis$lcs *cre probed sith a therhocouple reedle
imnrediate8 after \\Àr,nins af,d asai! afier â de1a,r of iwo minutes.

Firall,r one râi \va! ,rilled and skinned. The ou ine of the skin §,as traced or sralh
tâper so ihat an eslimaie of the arimal's arliÀc. âren could be made for polvÊr cal.

'\^nro - B aolô6iri<_
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r,8,2. Tte Pe6!e\ *,aier jâcker *ilh the râr ald helmer.

lltr ro.. c,,e .i.,c. +,r,c, reL or rûe o,n(q a,_ ..rp,].
r6. uopcr d..os .oic-re. Lbe -o ro- he.r+h.ri.

gases,

RESULTS

fl e $Ll\e .dL. o, roL cor rot sroLo ,rbo\e .Jo.ed iEo udreJ b!, ,he $arer \.i;\,
?U §.,,ÿ \ed. Le reé, coo ins r re qa. r0 m rure\ rrd lhe nedD "r;;";"i#;:i:0 minutes (Fig. 3).

lia i. Thè looling ard $ùming grâph\ nI
i..l) rcnrlerature \rth nme, The horizônki
dâsles. bordering rhc pre cooliq and posr
-*riùr.! temlcrâLurcr enclôsc rço srardard

deviatiôns

!l
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Rapid Waniis non Hrr.thttmia ht Mittol,aÿes 19

The preljminary experinenis with micro$,ave ÿarming indicêlcd ûat a zo{econd
exlosure was reqùired to raise the body temperature of a 220 g rat from 18'C to l8'C
ÿhen the alpâratus wàs lrorking àl fuli powe.. 'rhe exposur. time for wârming ihrough
rhis ranse ivas shown tu be inversely prôportjonâl 10 tlæ pos,er seiting. Accordiuglÿ
rhe exposùre time required for \r.aming at 113 po$,er çàs 60 second§.

The volxme ol wdler required to coyer the upper surface oI the helmet wiih ar
adequato safety margln was jn the reeion ot.120 +30 m1 when the rai weishi ws
approximately 220 g. This ÿo1umc rârjed slighlly âccordiDs to ihe position adopted
by the body. The initiâl ÿatÈr tem|eraiure needed tô be io higher thân 1:l'C to
!Dÿ!re rhat it did tr.r e\cæd rr0'C al the end ôf exlosure.

The recordings oi ihe hoEt rale and tho respiralory mie were rsed for estimating
the clinical siare of the airimal durins coolins and ÿarmins. The mensùrements were
obvioùsly reûi.ie.l 10 (he pre. ând poÿ \ÿàrmilg periods shere microwave warming wa§
used. The ràLries leied oonsnbratrly with the ieÿe1 of h,vpoihemia and the depth of
rneslheslà. In generàl the heùt rlte lell lrom thc resion of.+2Orminùte to l00iminute
during côoling. Similarly rhe respirâtory rate fcll lrom l0o,ninute ro 10 2olminute.
The heert rllc and respiratory rate §€re iÏ atr,LLine slightly fesier thàn l]ormal Àfter
Nannins by Lrotli meLhods.

'l he rectâl aDC ûii.l .:rophaleal tenrp.ràtures dl.1 not differ \ignificanlly.
There \ÿere tbJee derths dùriDs mjcrowale ÿarûir-q in the group of rwelve rets

Farmed in the àplaràtùs at fu]l povu. Two of the surÿiÿors deÿe]oped superficial
trurns of the rump ànd they sere desiro-ved.

Two dealhs.ccürred in th. eroùp of twelÿe râts warmed ât:13 ol Ih. po!ÿer. Th{e
\!ere no obyious dei.imental elfecis ôf micros'âve warming in the sunirors.

All deÀths dxriDg wêrring rÿer. dlLe to Èùdio restiratory fàilure as rhere was no
evidence ol lhermal d.mage at posi mo.!eû,

Al1 twelÿe iats \ÿanneü àt 1r3 ot thc power surllved unhalmed. Tiis was cosidercd
to be rhe succesrlul grôu1r. Accordingly this wdmins rate of 20"C in 60 seconds wes
coNidered to be the sâfe limil of microwàve ÿèrming under the experimentâI .ondi'
tjons. For this reasoD tlrc conlpârlson ôf microwale warming with conventional con-
duction warming wÀs restricted to this group (Fig. 3, Tab. 1).

Durirs the three monih period ol obserÿation all the undmased survivors behàved
in a nomal manncr. Severâl litiers vrere prodùc.d and the ofkpring were bred rhrough
§ÿo geftrations. No specific stùdies ÿere made on these enimals but their appareût

Tàblc l
Thc ncan ÿalues of iesults for rals *armed lrom ls'C ro l8'C using r/, ot

tle Ftcd povei ô1 the c,rirr. §rând d Dcriâtions in lrarerihesis.

Hr?oihcflùic Ter1l)ùatùe

Posl \vrûing Temperatùrc
Riso in Bod,v Teûleiaturc
Volumc of 1\'/âter in Jâcket
ItritiâI Warcr Temleralure
Iinal \lètel Tempcraiuc
Rise in \ÿâier Temlerallrc

ll6 g

l6rc
17.80c

)1_7aC
19.9.C
428 ml

i! 8.c
25.J.C

(li e)
t.c)
(0 5oc)

(l.r.c)
0.3.c)

(0.3.c)
(.40c)
o.2oc)
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Table 2
\,ra.on". i- 

"..æ .e.rf.,,,. toîr r i .. .e. -r. R ..1.t red.helo.e .\fminp F".r r( nÊ..,r, c ,eâ.,.s m.. , "a,_.-r, .,

Ist 2nd

Skin
Lirer

Kidney

31

39
36

39

l8
35

l&

36

38

31

t6
38

35

37

14

38

34

33

38

)7
37

36

3.1

37

23
32

36

36

36

nomulity wâs remarkâbte in view of the physiolôgicat stress suffered bÿ their anre-
.edenr,.

The variations in tissue remperatùre folowing microwave wemine Rerc l,irrually
urâffected by the stête ôf thc circulation or a delay in makins th; ."";.i;;;',(rab. 2).

'fhe surface area of the 216 s râr \ÿès estimated ro bê 225 cme.

t t\(.1 srlo\
Sâfe ûicroÿâÿe warming from 18.C ro tS.C $/âs achieved un.ler rhe erpe.imental

conditions. This was rwenty times faster than .oDventional surtace waÂng. rhe
exl)eriments indicated that the physiotogicat srress of rapia rvarmrg uas rvet to'terateà

The divisioll of power durins microwave ÿarming was cetculated ftom rhe rêi.ts
The mean ràt wcjghi.216 g. §âs reiscd ihroush 20.C in 60 §econ.!s. The slecific heat
of the body was asumed to be 0.E3 (j) andl kw ras rcpreserted âs 2lical/s. i;"
c" cül 'r ô' ndi." ed llar ootrÊ- Ji..iT,.,or , 1 rt,e 1. ..d. :. ." . "r o.rj f\\. i;e
mean \ÿater volume was 428 nr1 and this wàs raised throùgh 27. C. Accordjnsjÿ, power
Fas dissipated in the water slrrounding ihe rat at a rare of C.75 klv. These;e;e fi.figues with the cÀyi§. lvorking at one rhird of irs rared porÿer. Inefiicienr c.upli;;
of the microwàve fi3ld to rhe dietecrric loàd. hiat los ala aover aisstsaLion ii i;i
'ldn,cr.c-..oric. $e-e,\o.rlr. o..!or I ror,ercn"iLnsu.i (§

l' ÿd,,n'oo.,ible ,o rrs,-e rt-e,,:t I ..$Clh,. h; nJoua.e( r,.rm, or
m\ÿi.m, for comperison wiih orher stldies v/here biologicâl materiâl§ \rere ex.osec'o bean ed rc-ou"\c. iL ree.r,.(. tro.:r-- .\a. de,mbt. ,o ncte -,ne enim,,e
in th€se terms iû lierÿ oi rhe lopùtâr interest in the biolôgical hâzards ôt ai.roware.
and safetv staùdards for this it pe oi elecrrcmxgûcri. energ)..

One may sûggesr rhat tlE nor reflected pàrt of rhe .fietd incident on rhe aùimal had
a power densitf $,hich ÿas functional\. eqùivalent to 1100 mwlcm: as the esijmnterL
sûrlace area of ihe 116 g rat was 225 cm?.
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MÀIN DIRECTIONS ÀND RESULTS OF RESEARCH CÔNDUCTEI)

IN THE USSR ON TIIE BIOLOGIC EFFECTS OF tr{ICROIYAVES

7./. Gotd.tr. A.v. Rôllik an.t M S. Brtkot

lxtor Ordei ol the R.d B.ùcr Insiilr. for Scieaiilic Rcleàrch Ôi lDdÙslriâl Tlysiere

and Occùlational Discases. AcâdcÀrv ol Mcdicàl s'i'n"r 'f thè IrSSR' Mosc'n' ÙSSR

The research prôgrame in lhe USSR uses tbræ âpproaclies, Ie', hvsienic, clinicâlatrd

experimeùLal studie;. directed lo the itrvesiigaiing lhe bioloeic eilects ot a whole range Ôf

raàiofreqlercies. atrd pàriicllarb' ot mic(Naÿes wlich constiûe the mosi biÔlosiÇallv

aciiae part of the râdiofreqlreicv tpectrom.
In the lieid of htgi;ne wc hàve ÿùdleC the worki.g condiiioLls accompânving aâriolls

Drôll)rer .. D-od..ro., 'or r5e d..êr.'pr rr "nJ ! 'ld'le or p'uLur)fe It ir'
:.-. p'oo..,'o_. L,.n rle corJ i.r . or uir) perlor:r.e .nd. tirrUr. 'e1ic:'9

'wilh tie accünr(Lntior oi hlisietric. experimehlal and clinical dâiÀ ii trecme aPparenr

that ùore strict elsessncnt ôl oc.LrpàtionÀI condiiions is neceBarv tur 
"hose 

working

ùilh micrôlvàve $uices. i.cludlns rec.r.litrg oi the Àctu jrradiÀtion of the people'

and pârticulâr]-v corbinatiof, ol mic.owave iradiaLion wiih other faciors in the en\'i

romient Gott i ravs. leat) ivhlch ÿin trc deaLt vith ir the PêpcI bv Dr' K rV Niko-

nola latlr dùrins lhis meeting. as wclL âs the node of iÛldlat otr'

As our j.ÿenisations hale shown, lhe reg;le oi microwaÿc itradiarion lo which lhe

wokos ue *pored hes a pronoutrccd iiiermittcnt charâcter' While one group ol
aclivities is oh;rÀcrerized by relatllelv or abloluielv consiant levch of iûâdiation
(Fis. 1). in rhe other iÛa.l]àtion À chàngeable both in its inieisitv 3Dd time cour§e

(du;ation of irràdiation periods and of intervals tretween them. fig' 2) From the

;etistrcal point of view, the actual exposure levels of thole regulaiing micr'\'aÿc râdio

sels are Jbject 1o haplü7ard fluctLLatlons. àùd therefore lor the aÀalvsi! of the i'ra_

diation data use wâ\ made ol ihe approlriete theoi! of rândom pro'eses'

The chuacterisri.s of rândom prôceses, such às stàtidical probabilitv, dispersiorl

ând coÛelâtiotr lrnctioLs, hâle shown thàt the r2ncom lroces§ ùnder investigâtion is

The res ts ôbtained determined oxr apprcach ic hvgienic siudies in factories ànd

* E50

tnc" ren r .è 'e
pe':od. 1'.r c

r.la1ne1!.onsttr?r

dùrilior ôf the iirs-
ol r.radiarlotr bôitrg
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èt

Ë.iil" , t, th jlllr_
Il,,! {t:)

aig, 2. The æsimc of iûadiàrion in ÿhich borh 1Lc ilrensfty ând rtre iiûe paramelers (rhe
dùralioÂ of iràdiarion pe.iods and üe inrervats bdÿeen rh;m) t,- i"r".-iræri.iÀJu
led to the requirement for grâphic recording of irrensiiy and duration of irradiatton
durjng working shifts.

l! has been posible to deline some ot rhe fâciors !ÿhich jnflucDce to varioùs desree!
the chùâcreristics of tlie iradiâiion process: Dmber of radiation rurces, patiiular
desien featùes of radiosets jn prodùctioû, sequence of technologicat .t.pr, j"a -""y

Prelious investigatiôns coüducted ir our têboratory, côupted wilh eÿaluariol ofbâsi! aspects of the biolosic â.!ion of microwaves, ma.le it porsible ro elucjdète
the importance of inrermirient exposure factors for the biological eflecrs of nicrowaves.

Yre used an experimentâl nodet of jntcnninent jrr..liation base.l on actuÀl regimesôf iïadiation accomlanyins prodùctior. We fonn.t rhâr, accordiry t. " "".1!. "rjndicâtors (iluctuation! in,ejshi ard btood presure, A""t.."o""pr,"ro!*pny unJ"i".t.*
myoerÀIh!. ne!troæcEtory aciiviiy of hypothatâmic nucte;), ;nLmittént erposureto rlradi.rlion r$ults in more pronounced biotcgic effects then those of ,t*Ay ;...
diation Èmler con.Litions ôf equai srrength an,l time parameters. On" 

"."fa 
frypoll"rir"

thar lniermirtent cxpcsure j' mch more strenuous for lrre adalraiion and co;;en;l;
mechanisms o\ÿine to the frequent changes in rhe iEâdiaiiof, Darâmeters.

u i. ,o : .dqel..' 
ts ., .ur I É .rr{.i ùet io I o, re.ejrch. .o uhi.b â .eoara,e !âperby Dr. 11. N. Sàdèlkoÿa is devoted. we witl onty not" ttuL 

"Li"i"o 
t ygi""i" 

"o.r"titàn,ma.ie jt posible ro liDk thc cLnical jnücators \ÿith intensirÿ of ni;;\ÿàve jradiarion
unde. i|dùstrjal conditiors. This rùique nâreriat ecc nutàted as a resutt of 20 yeare;
obserrllicns made it pc'sibb nr estabtish a aery importânr fact, nâmely, that ih; bio
losio eilecLs become more severe ùirh increasins .luration of work acconpaniea by iriair.e.',.rie\. .c. ltar , 1u Jn..

Betor€ soi.g inrc cxperjilentat reseèrch, jr js nccessary ro define cerlain terms which
êre fiequentti. rrêare.i âmtjguoùsly. These a.re rhermal and non-rhe.mat effecrs.

.Thermal effects are lhose biotogic su.1uelae which âre due to itrtegrà1 r;eof temteratnre of rhe body and its separate parls during ÿhoie bodv or 1o;at iftr-

Ther]nal effects ee those biotôgic sequelàe which are du€ to jnresr.al rise
are the result of urelen heating of microsiruclures of a hereroeeneôus biotogic tissue
a.d may occur jD rhe absence of rhe inresral lhemat effecr. Fi,a.liy. ".,-rÀ".."ior "extralhermal" ellects are due to cotrver3ion of elecrromagnetic enerel,wirhina! object into ânother form of non-lhemat ener$. (molecular monance alsorpton,
photochemical reaction. etc.).

TIe present lack of adequate nerhods for separating nonthcrmat from rhermo
selcciiÿe cflecis is ihe sole reâson for rheir being put t;seiher u11dü tr," p","i,i.."r
'rame 

ol "non-thermal" effects.
The occùrrencc of pronoùrced bioloeic effects of microwaves of inrensiiies ÿhich

do not eloke the iDtegral heat effect (tess than 10 mw/cm,) hâs been con-
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nci4ly sholvtr independenLly by a nltmlrer of So\,iet àn,l foreign authors. AtrhouEh
lhere are differences of olidon oû ihe "non.thermal,. or '.microthema1., naturc of the
biologic effects of low leveis of energy. there shoulC be no doubt ât presenr âs to the
âchrâ.l existen.e of ihcse effects.

From this perspeciiÿe, the studes on bioiogic effect! of microwâves caÛie.l our 20
years ego in rhe USSR concerned high inteDsiiies (3. 25) and were limited ontr to
es,.brisb'oC rbe mirimal lcla.do.ec. lle-Ta:.rorà.d...rcorUerene-r"rrro.r.

Tàblc I
Chuges indûccd by microwà1'c irradiarion ol lieh iniensit!. (dari ôf Betou, Gordor ard

l- 50% telhâliry,

Chêrà.ter ol ilc chârges

Lowered rteriâl lrcssuierc0

100

10

15 lC 60

Marked sl,mlroais ôl orcrhcatiûg,
Iiôrphologically in rhe irternal orgûs
tnd tr.rroùs system significaa! !âs.ù-
Iai .iisrnrlâncc!; slieht eÿiden.e ol d1.

Olaciry oi ihe lens afiê! ? h iriâdià-

ila\imal intensiry which docs not 1èâd

r. cl.retcd lodl, 1e'n!c!atue

The irvestigadons rÀere perfônxcd lri nrij_v ri ihe trÿe1s of inrensirÿ ÿhi.h tlo nor
r\L,rr io 'f: i1 .Cr-l Lc.r .t'ecr fe.. rr., i0 11\'.Tr,. e-e)uh oblincd -an
bc , rJ rged pro\ (iorr l) i.'o , . . sro ,. . o,e o-e.c-.. t,e -tJror enotoBy o. e'r:.,,
ât various 1eve1s c{ life actilities, ÿhlle in the ottrer !ârtour mecheisms of âction

The lhenomelolgy of the biojogic effccrs oI microwaÿes has ireen stu.li.d in nost
detail. ?ariicular attcniion hâs becn paid to rhc DeFous syliem, as it is l.:lost se{litive
(8. 22) ând plays a key role jn the paihosencsis of râdiation sickncss iE. 24, 29).

Sonle of the bjoloeic effects relultidg from micro$âl,e iÛadirnon of non thermo,
genic iiltensities à€ shoÿr jn Table 2 (ôn1y slatisticalty sigrificant lesutrs are quoted).

It can be seen ihat microwave râdjalion (intensilÿ. 10 m\,V/cmr), when âcüng for
iong periods ot timc, .oostituies a r,iathôsenic factor (morphologic lesioft ù rhe ne.ÿon,
syslem, changes in reproCuctive fun tion and some bo.dertine conüiion!). The inre.ûe-
rârro! .'r rc.e bo-Je'l r. c,,r d :o' . i. ? tr i\o. ,trr.t rb. . i . b. .o rr,.. ,,,) r.È"-;ed
as plrrely rcgulatory or âdaltir€ aLld compeÀsâlory rcâcrioDs \ïhich lvoutC be lracricâ]tyiarnless. The jncllrde such etfects as lowered endurance, retârded ireight gain. inh-
bilion ôf ccndilioned reflexes atrd neunBecrerion. neurophysiolosic,it,turtanc"r.

Honever,ïrâdiatior rir?tjS lorver in int!ùsity Ly onc orde. oi nasrirude (1 mwrcmr)
is also significant from tho medicÀl foift of !ieù, accordiùr ro â number of jndicàlô^.
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Reseat.h D th. Birlaric Elt'ccrs ol Micrctaÿa in ùrc USSR 29

Upon çe*àtion of i.'Àdiaijon some of iis sequelae mey disappear but a prolonged
action results in Ceslrucriÿe, irrevcrsible pntholosic tesions.

Attcnlion is drawn to the lact that, âs can be seen ir Tâble 2. even at inteositles that
âre extrenely lôr' by comparison çlth those considered above (e.9.. 500 250 pwlcmr).
certain biojogic elfects occur (bioelectic phenomenà \iith reselting to a new level of
activit) oI rbe brain systems,.hmges in i.lmunob:ologic resistânce), jncluding dcfiniie
pàthologic effects (retroduclile lunctlcnr.

When steaking e-noul critcria of sig ficatrce of reâctions, one sliould keep Ll mind
that rot all reactions âre of importance bui some. while lacking pathologic t.aiis under
ceriain conditions, shoùid nelertheless be giÿen attention s'hen possiblc harmlul col1-
sequcnccs are col1si,lered. It is therefore oecessâry io introdlrce the term "potentiâl1y
harmful reâciion" as a n1âin criterion of jrnportânce of a symptom, as otposed to eithc.
a threshold biolosic (rcsu1âlory) r€aotioû iù geDeral or a ttueshold pâtholosic reâction.

Studies of qùa1itÀtive and qruntitative indicaiors of the biolosic aciion of micro-
§,aves heÿe -liclde.l datà whi.h not only alowed asesment of the biolosic effects
of mi.roravo iûadialjor of various parameters but also showcd main directiotr! for
reseerch âined at elucidation of a $,hole râige of palhosenic mechânlsms. from rhe
molecùlàr ieÿeL up to system and jntersystem relalioùships.

Our iùvesiigarions ol lrlmer_\i mechânisms of the biologic aciioD oI miüowèves hàre
been directed in pârticular torrèrds srûdylrs the poslbilil). of a direct acuon of micro-
wales upor the a.Li\itÿ ot some physiolôgicelty irrpo.tant enzlmes (cÀtalasc. oholn
c(erase. âctinomyodd. \!e heve âlso tried to jnflænce permeàbillly of ions acros celi
membrane§ by nicrowaÿe cxposuc.

Studies on lhe itrflÙence of mi.rowave iûa(iation of the ranee of 10 cm ôn caLr-
lâse ând cholinesterase actiriiies iu i,nro using variols cotrdirions gave negaliÿe re
su1ts. Àllempts to demonstrate ltr ÿ;r, any direc! influence of rhe field ùpon the en
zyme molecule§ whlch wolüd resr.rlt ilr clianses of en4rmaÛc activily have fàiled. At rhe
same time oui i, ,-lro investisations have shown that activity of a whole rângc of ên
zyDes iû lhe tissues of irradiated aoimals. jncLudinc cholinesteràse. chanses mÀrkedty àr
jntensities sigtrificântly lower (by al least one order of magnirLrde. down to 1 m\ÿ/cmr)
üan those used in nnlrlo experimetrts (11, 15, 19. 30). It was posible to show, by
mraas of a simple method and taki.g âs an cxample tronspecifio serum chotinesterâsej
thal chànges in tlssue a.tiÿiiy of thc cnzyne foitowing vhoie body irradiariôn result
ûot frôm a direct aclion on molecular strucrùres bu! lrom changes jr enzyîe con.en
&atlon in lhc tissles, apparenuy related to disturbânces in the neurohormonal regutation
of metabolic pr.ceses.

It hâs bee. posiblc to demonstrate a direct aciion of microlràves uDon cù\'ne acti
\'\ u.'r! ret.-ral.or. or -dôb, ru.cle o\r'"or\o. I slkÈ no..e..e.. no.e LomlL\
lelrel of biologic orsân;zàtion thân cêialase and cholineÿerase and is distinguished b,
â hishly làbile coniorm3lion. lrradiation of actiûomyosin gel .n 350 I{Hz frequency
with the density of the âbsorbed energy of abort 5 mw/cmt resuired a reduciioi jî

Tn ênother series of biophÿsical itrvestigàiions rhe inftùence of microwaves upon
cell membrânes ÿras studied, and pârticulerly on thelr selectlÿe permeabititv io rhe ions
shich jnflncnce the riembrâ.c electric potentirl. K+ ând Na+. I5olated humar Lrtood
erythrocytes provided the biologic mod.l for studies of microv/aÿe intiucrce otr mem-
braDe pemeabilily. Changes in infhü rates ôf rêdiclâbelled K+ and Na+ jnro red b1oô.]
celis were detùmiDed during and after microwâve irradiation wirhin the dose rânee .t
900 to 2340 MHz. ard compared with respectiÿe hetri cortrols. Relationships betwee,
iûâdiatio:1 pxraneters (frequetrcy. inrensiry and duration) and changes iû ion rrènsport
into erythrocytes were jnÿestigâted.
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'lhe-e...rr.-e.ealeo'rJ'i{i(éll'.'sEilir"r,.l'a.se.i,Ll-era.e,ot ,a,.por or l( â1J
\d :o, . a.-o- nemb-dne, io rela'ed rô " 1.e rr renpe%,ure ur rl'e (r .fei.i ,r lhe.e
chânges did not depeDd on radiâticn frequency wilhin the ranse itrvestisated (11, 32).
'fhe thresnold miffôwaÿe intensity leadiig to a significart change in the iaies ot ion
ransport lolloÿing iÛâdiation for two hours approxinrated 1 mwjcm?. Thc rc1alio.lhjp
between iniensity àrd dùatiotr of irradiatior and its effects was of à multillusic che-
r.cter and did not follow a lineer dose effect relationship sith regard to ab$rbed

The above experimental dàta were ûsed to develop a mathematioal modoi showing
how changes in K I idlux râte depend on intensity and duration of iùadiation. Wilhin

20- 
.--1q_ 60 s

Éll-)= 01.rl]r3 1(rrr0l (23 0],!tlsi, ffi++i

123 l] l4115in66+c 
a5t:L

- ÿr iio,tl = 0.00131(1.:?0)

al8, 3 a, Thc delendence of chânges in tle É1. of enhy of pôtâ$iuû irto er,vthrocytei
!I)or durâtion ol irradiation at fixcd intensities. The solid lines shôw rhc cstimated lùnctiots
ol the dependence ôt effect on the rimc ol irâdiation. âs obtâined from a marhcmad€l
môdcl ol the prôcess. The brohen lires represent the lincar componcnr, b, The gralhic

ênd aûalytical presentÀtions of rhe pro@ss as a rcsullart oi tlro comlonents,

.\tr
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rhe cofttrainls of the modei, the observed effect is jnterpreted as e reÿj1tan1 of rwô
processes: liDeâ. decline;n 1(+ entry rate wirh increasing dose ôt àbsorbed eDeisv and
chânse of ihe rate of t ansport under condliions of diminishnlg adaptÀtion pôssjbjliiy
lFis. 3 a and b). These processes accolut tor the muliiphâsic oscitlarorÿ characier of
'l 

( el'1. duri, g'l-e Jor -.e .f lhe (\fenner .

It is important to emphasize rhât elen in such retatively simple objecrs as eryrhro-
cytes. the rcexlatory proceses contribute sigùificantly ro the ultimâte btoiogic eitect
(chârges in the rate of ion trânstorr). Indeed, it has been shoÿn thât the prjmarl elfecr.
J.,'erdrag lne.rl) on ie Ju.e ol eDe-$. lo§ 4 I'ieger'rg etrecr on cet regùtdro1 rhJ-
nomenâ. The overlapping of regulatory proceses and rhe primarv effec! derermines
lhe cohplex. roD liDeâ. characier of the relationship between intensiry atrd .lûâriôn of
'r-dJ;rorLe..rle!o\o'energ\,dr booeiLe'tecr.. lr âffe-r.r\"'r i.e\(!Iore
so when wc deâl ÿith rcactions ot much more complex sl,stems. such as the Fhole or
gânism, to iûàdiation of relatively low intensity. or prolôn-qed exposure ât iniensities
qhir r do rô e.o.(ocLroloscle.rô1.uur'rs.,olre-ne\po\ue..tn.rct.a...,e,'eF
.â1 eÿidence of the bioioeic elfects is iimired, as a ru1e. to reflecUons of chmges jn
complex .Êgulaiory processes. oûly indirectly comecred \yith the aciiôn of clectro_
magretic energy. This is presumably why, pârticulùly within rhe ran8e of 1o,, intensities
(up to 10 mvr'/cmr). it proles jmposibte to obtaiû a simpte quantiiarive relÀrionshiD
beF\een','.n.ir,.nd.-râiooofir-Jda,o1.u,rbeorend,d.d,.rtc.iotos.er.F.
otr the other. It has beeD shown (3) ihât, apet from rhe depotarizins acrion of micro
waves upon excirâble membranes. hl,perpola.izing effecrs occùr {rise in membràne
potential of mùscle fibre§).

Electrophysiologic investigàtions of elementary excitable srrucrures (3) âi ân ertremety
low itrtemily of iradiation (5 pw/cns) hâÿe reÿealed chenses iD â number ol fuDctio-
,a1 paramelers and chùacter;stics, nmely, a slowed con.ludion of impulses, an increâ-
sed synaptic delay, lengthedng of lârent and refrÀctory periods, chanses in action Do-
rer idl ,a I in .âl"Led rer.e ârd n r.c.e tibre, o. .te rrog.. rt ih rôr or , re i1pu,.e

Tâbtc 3

Changes in the ampliiude of âction potentiâ1s Glimulâloû freqnencÿ, 20 Hz), opriFll and, l rh.rn . o, itse tr, J L.cte I bre

p p

3s
100

(99-10'
10 2A

'i! rs l< o.u1 Nr "ô.
i:,-.r01 |

84 < 0n25
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0.01 150
(94-176)

âctivity of single saDglioric neurons (the medicinal leech). Some of these resùth ârc
presented in Tâb1e§ 3 ro 5.

Table 5

Chûges in s_rDaptic delây (nroreurat ilalsnission in ihe frôs)

Àritbûetic mcm dd
rânses ot ÿariâriotr in %

of Ure initiil raluc

103 (90 110)

140 (100 167) <0.01

Results of sirdies on red blood cell membrânes coûpled with data on ihe influeûce
of microwave irradiation on isolated excitabte stmctures (2, 6, 9, 10. 13,32) ûake ir
forsible to h],pothesize that the iofluence of micro\vâves on exciiÀble cetls is cornecte.l
wiih alterâtioDs in the permeability oI the cell membranes brought aboùr by changesjn ilosport of ions. rÿhich influence the membrane porentiai.

Unfortumtely, \ye do nor have ât preseni datù on the precise physicochemicat nahrre
of the proceses leadine to changes itr ion traosport across membmnes of the iùadiated
cells. Utrdoûbted1y. these processes woùld be worth studying in greater aterait.

Considerâtion of rhe possibüry of a seleciive absorprion of microwâve energy at
intedaces of.heteroseneous biolosic systems le.l to rhe;ssumption that the sinsle';hÿ-
sical mechanhm - a setective absorprioD ot etecrromagnetit field enersy at ;he:ù,
faces of colloid moJecules, membrênes aod other celt constituetrrs _ ;nderlies the
vùious "non thernal" Siologic effects of elecrromâgnetic fields. Tlis mav be trùe sin.e
rte,Lrl.'ce roodJc.i\ity ie irc.elsed ç:tt-itr Lbe doub,e eleclric ta)er àr rh; inr-rfaces of
biolosjc objects. Bioph_lsical strdies aimins ar e.perimentat testing ot flris asumoiion

Changes in the rale ôf coûdlcriôû of impnjses lnd absolùie refrÂctôry period in rhe Irog
musclc filêr

eFFec-r-s { HeAlfl itAz4Èss
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Flnallv. ât the sYstem an.I organism 1evel§ particülar aitention has been pâid lo the

...:.iii;ii;i.î;fi".i" "rfe.t' 
in ttre "e"t"r ""rvous 

svstem Às a result or neùrolhv'

l,li.I. ;... I", rori. r 'rs er'er s r'"\'l ueer ob'e^ed ar i're F''ic' up Io ' ,r\\ \ rj'',';:.:;;;.; ;ï ;;;'; 
"e-a 

o, bo n " 'i 'ecr 
a''ior ol 'be brai I aùd rhe re er com o

,,;; :,,4 ,, ""'. ". ' \e btui 
'| 

11 r 5*illi":-Ji.ïi,"i,L"i;'";. 
in thè paihogeDc§i§ of radiation sickness are the inte*vs'em

Jffi::'il:Jï;#"r."""'*i i. ".n svsteh§ 's a) the reticurar rormation or ihe

iiir,."''"-.'iî" r."t";r,"i"mus and the corter of the cerebral henrislheres ând 1r) th!

corte\ ând thâlâûLt§.', ;,."t.," r" ""'or ""len're rl "r?''e'/ed'rrJ o' "u b) ! ra'ked cooL-:bL ro'

i, o"r.L.r., t .ru. o. rbe l" orhd'amu'' *re'e _"ale' ''ro\ rn et 'i'e' '10-100 \\
'-ff,,.',:; --.'".. ",,.'r'4..'ed1' 'rrol ore c'p'ronar l'ere'L

," h lrârhrrâm-! coo. 
"ùLe' 

the rllrÙe coD|rrr oÊ re"oL' alo ILrordl

i:Ïl'"i ;.. l,î.1irc.,,,',-r' -h\porh\"a' "ubrJre'"r )'en)'
''i"" 

-"":.,'":'", 'i- ""r'"" 'fori bv rre ')'rem reri't.ri rorna''o' o' Lr'e

l.-,,',..,, . 
"rp",t", '' rh; '"io" " ol Èere ''i'ed ira'r \'"on

:;-' , ';,-. ,,'"1, "r,r,. '.,"",,' "e a't'\""' or'\e ' ec'I:c 'od o!'nec tic arlereÛt

ii:i ". ;,': ;;: ; 
";,."r..,.ià-,r ",".. 

.). Li'"1.c,'i â.e' n'r"rrcr'r) 1.\'

". 
''i.1"*i 

,.".,,"",1"*,.1.2'§hoÿLn"r.folloçr/mr'ro"J'eiraLidiol.Lhea\eo-
i . :,:; i; 

'.iT;"." ; ;; -e Jf , o.ï , ur 01 'Ê o-" r co'r e\ '' broc'ed

Ë,! ,. the \ari1 § ot (1Jtlotrs hei$ecn:I tt'
i, rhe coie\ of hemi5pheÉs, lonerjor r]llo'
il ll:nrüs.'nd rericul.'1 fomàrion ot rhe rrrrrn

.i;; t.omDanÿiis the e\losure to sHF rrclds'

Th. numbert .l the ]n! rlicarc rhc nuÔhrr
ôr r,hËi\ demoDÿrâring J !i'cn !tle't' Lrt

""^r,"^ 
rr 'r." 

bÔiiom curr+po1d ro §clrlcn

rirl ntrmbers of thc \àri1Ôt'' srfhÔls' à -
Lc.k ot etlert ot SHF, 6 - \ctrrroÔ ' -
D..rri\-ti.t. , Ihe coie\ Ôt 1:mrspn'res'

; - Poÿ.,iur i,nothxlJmns ' - :fhê rerrcÙ

l:r. formalion ot üe lranr (eÛ'

?ntl **-
1Z

n=a
3

fr=B Z1=c

Ciranses;n the regulatory activitie§ of the hvporhâlâmic region due to microrvave irra-

ar.,^' îï ""'ii-.i.e*ic 
int€n'sities also r"*lt i" 't'iit' choljnergic prÔcesses (19'

,"^î",.r",'., " .'',r". *".,' e 5''I r' a'reoe'sc rl Jr' rJr': ]".]l'i
,. ... , ", O rr-.'r. \r ange' m a"u cr ror " ''' l' ' 

18 lFaige! rr

,l.l;1.,i,";*: ;,;;.":.,." "r ",,,. 
.e, o . .e r. a J i..ue. ot,b., )oo hn?'

"^, 
"" ;"L'-.. ro' e ^rc.r oL -\\ .'1:' a'cro$"J-ir' r'eJ 6i" ''1cJt or

,,r*,"r., i" i..r""'L",o6 have also beea ob{ ed (25)'
^ii"'iîliï,'l"ii,i1"-ii;d toseiher bring us crôsei 1., undeistèndins trre lathosene'

,'-T;Hï#;;ï;;iÀiiJ,' "t 
,,1"***" sicriness b'v sholvins creadv that in

''- rr'.,"4.,r,.;',t'".._'eé.rr' ve l'i 'ar'r ''" r'cDhr''o'JP:r "rroon'a' t'ail'
' " -"*"1-,r,.r"0.*"pr"ri. '''L'rc' "ro Ùe et'' t'l b' r''to\rÿc "'rior ot'o$
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34 z- Y. cordan et 41.

Thê Drogràû of fulher inÿestigation§ envisages eiucidàiion of ne\ÿ aspects of the

mechanism of biolôgic actiorr oI microwaves. ol 1a1e sequelâe of tlis action. and of
thc resloÊtion leriod. Perticù1ar attentior Nill be paid to the combined actioù ol mi
crowaeer ând other physical fâctors of lhe working enviromett vârjous exposure

conditions, thleshold signilicânce of biologic elfects deleûdlng upon wave rânge ând

modulàtion chdacteri§tics. and the reljabjliiy of fôrecasting cl po§jble hârmful effects.
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PIIAR}IACOLOGIC I'FFECTS OI] À PULSED \{ICROIIAVE F'IELD

D- S.rÿa tit:", G- B./thati.hN, R. tolr'a, A. M. Se".ldnLi.,
l. Eti.nn., P. DrcrJ6 and P- Lscoubct

Postgladùate School oi the NÀ!_! Medicèl Senic.: C.ntü of Blolllsioiosic sLudies ând
Rerarc! Arltietl ro the NilAi &lilitar! HosDil.n for Pnltg.adna{e Str!d!. Sril(e .!n!e,

loulon Nàÿài. Francc

Fot â ferl )eêIS. 1,/c hâve been dodlir1g the effects ol prolonged micros.aae expo-
srres of lÀbcrâlory a màls. Systemaiicàlh. ive used lo\r mean power densities. iooking
for biologic eflecls which âre nôt obliùRiy of thermÀ1 orisin. Our alm ls tô }-.re!eni
ccrtain ]rhanücologic obscNâtions mâde bT !s.

. DE§C§JÈTION OF T}IE EQUTPl{trNTi'

1. Gcùerâto.s. \nJe ha.re lsed ilavy setrerâtors, ÿhich ârc nôrc liited for biotosic
reseaich. These generàtors prodxced â puhed hiTerirequ.rlcy field oi l0 cn \ÿlveleoeth
(§ band: 3000 MHz) wilLl a maximum peâk powcr of 600 li\I. The pulse durâri.ri i,i
1 microsecond, variable bctrveen 0.9 aDd 1.2 Lrs depending cn ihe magnetron ùred, nith
a puhe repetition rate of 525 rL. rarlàble beNeen 150 and 650. Tl1! mîtimrm mean
power is coEs.qrcrlly 150 \Y. Uiùally §? entloycd long tenn exlosu.es ôf many weeks,
somerimes maDy months- Two ideùtic!] gereGtors rÿhich càn be exchângid ,:,,erc ùjrd.

2. 
^n€choic 

cirmbe..:l'he emi'led field $,e§ tràns.1llted tlx'ough a warÉ gxide to
â 15 dB horn. Tlis ho.n \ÿês liacd ot ihc \ÿâI of a 20 n3 an..hclc chànber in çi1i.h
animals could be irradiated in lree spe.e aùd fàr field condiiiôn§: rhc cxp.iinetrtel
sùbjects. in specially designed Pleaiglâs cages. were placcd at more thân tÿ/o melers
from ihc horn. the ltaylelgh distance being of one meter: in ihe eiposure region. ùe
mean po\ÿer deDsity. measurcd in ihe abscnce of admals. wàs 5: 1 nwicm:.

3. Measuremenh. Po\rer densiiies were meâ.ùred ir,,meanS of a Heirlett la.kârd
432 A nilli\ÿari-mctcr conne.tèd to a 478 Â ihermisior mouit. To detemiae if.qùef,-
cjes (ercepl hyperfrequencÿ) and duralioD. \ÿc ùsed a Hewlett Pe.kàrd 532(i jl Limer..oun-
ter. Olrr meÀsuremetrts were made e;ther di.e.Ut a-l lhe g.nerâLor oùtDut bÿ a coup-
ler attenrator, or in the anechoic chembe riLh 1 lltûed dipole or a calibEted horn.

FIEI,D EFFECT ON SEN§TAITiTY TO PENTETLAZOL

i. Techniqùcs. Our experiBetrts sere carried oul on 300 alNlro CD-l mice of rhè
Charles Riler strâin: the body n'elgh! rêngcd h.h\,!ctr 30 and 35 g. Experjmenial ard
lontrol groups ÿere relæted at rândoln, h cqual .umneri

' Milit.r, tr{edical Côr!s.

" We tirank thc Olfice for Reser.ch âml Erperimenlâl Fâcilitic§ (D.R.lvl.E., French llini-
strv ôf tuferceJ far its âsistan...

\,.n{o - Daor - -L;c_
.,€ t-!icr?§,r.^ÿÉ R*DiÆ'iaÀJ
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Ttrc cxperimetrtal a màls were exposed to microrÿavcs for periods of E. 15. 20, 27
atrd 36 days, accordirrg to lhe aloye-described conditions. Nonnal mice were maintaiû,
ed urder the sùre enlironmentÀl conditiôns. oùtsido the anechoic châmber. lach ex-
perjnert tÿàs refeated three tlme§.

At the €nd ot thc ealosure period,50 n1gllg of peDtetrazol rÿere âdministered intrà,
fcrilonea.lI to each Dous.; the tine interÿâl frô.l thc hjcction io the beginoing ot
the cormlsile fii was meâsured. Al the end of eâch oxperitneDt the mortaliô ol thc
ùlce §as determincd.

2. IlcÉutts. It ÿas foutrd üat exposuies iô microrvâle fields affectcd the convulsiotr
ilmes â.d the hôrteiii\-.

t5 la

Fis. l. Ienlerrêzo1 cor\ulsi.i rimes controis.

Tlble 1

lentelrazll corru\ion limc ratios

T csr rrrrliihle

1.1l
1.29

0.6,i

1.81

L l;l
0.56
1.41

1.60

t.2l

e. Convrlsiûr times. Hisiograms ot' dre time jnierels be1!ÿeen the injcciior and
Lhe beglnnjng of llic ll! werc drawn for ea.h experimciiâ1 ènd control groùp. There
is i1o ÿlltlsticalty signiliicait dillercnce bct\rccD rhe various contrôl groups: !!c can
trê.t ihem tosether as one nrmal 'roprdàiion (see Fis. 1). As a matter of lâct. this nor-
m:rl popujaton cân be assieneC a ÿra of iwo gnusien dilributiolrs, with a prcbibjliiÿ
rengins befireen 0.99 âD.i 0.975- The pèrameters (mean ànd tlandard deviaiioû) oi ih.se
t$ro di5lrlbutiorrs \rcrc: 22.5 s a.d 7 'r lor rhc firit. 67.5 s and 24 s for ihe s:cond.

UJHO - Dtor -eL;<- é,É kic8§./^vÉ R*ri^1ïar.)
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38 a. sera lie er at.

This represenh â sood approximatioû ro the disrribution of rhe conîrlsion rimes for
normal mice, which !a.ry from 7 to 120 seconds. Consequenrly, it appears that, in the
straiE of mice wirh which \re hâve worked, rhere u* .ri.ut, -r.i"f, *" -o." .*..p-
tible than olhers to the conÿulsive actio! ôf peDteirazot: tt" rr*.yp", **.,"p.i
seûted in approximately equai numbers.

For irradiat.d mice, âll eroDps. excepl the B-day group, differ sisûificanflÿ from thern.-ol fop, a,on. l,rerrd\idua Eror or ie-eLoôsrdtt ro pê-nir.atc,t.iioo o re
theorelicâi distrlbulion; neverlheless. the ,rmore 

sùsceprib1e., a;d ,,tess suscerlibte., câre-

4i3,. 2. Petrtetrazol coùrlsio. 1imes.

Table l
PenLetrazol percentagc morràlities

'']-

20.0
16.61

20.0
15.62

il.0

20.0
6.25

6.61
i,1.23

1.1,0

\,.rHo - B aoloéi;c_ .,€ F!ic-.?o,r.^ÿÉ R*DiÆ'iap
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gories âre found again on the hislogâms Gee Fig. 2). It vras a$umed that a good evâlu-
âtion of the microwave field actioD would be ôbtàired from the râtio between these
two câiegolies- To compuie this raiio- the lime correspondiry to the intersectiotr of the
two theoretical cuNes otr Fjsürê 1 (broken line) representins the diûibution of coù1rl-
sion times withiû the two theoreticâl normal poplrlâtiom, that is 36.75 seconds, was

3 r5 20 21 36 td.

Iris. 3. Pentetrzol: ntio ol 'imore sùs.eptible" to .lcss sùsceliib1e' anituals in the eiperiûen-
tal grôuls as compâre.l 1Ô ihe controls, âs a lùndion ol e!.sùe liûe.

The values obtained are sùmmârized in Table 1. The convulsion time râtios for
exlerimetrtal animal§ compared to conlrols were plotted against exposure ijmes (see

Fis. 3): for I days'exposure. there vas no difference between dperimeûtâl ând control
groûps: âfter 15 days, the number ot "less sùscepüble" aninâls jncreased: the exposure
to microwaves de1âys the appeârâûce of the fit. For longer exposures. on the cotrtrâry,
the number of "more susceptible" animals inÙeases: rhe exlosure to the fields iends
to hâsten the onset of the Îit. pârticulùIy after 27 da-vs of exposure.

- 

EIPEO I1ENTAL

a152
Fis. 4. Pentelrazol môrixli§,

1\
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40 B. sctra tie et al.

b. Mo(âlity. In each te§, ihe ânjmals whjcli died afler the fil $'ere counted. 'l he rc-
sulis â.e shown in 'l'âble 2, for conirol and e:perinerial groùps. Therc is a slâ1isti-
cally sisnificant diltere.ce (p beiÿeen 0.005 aild 0.001) iret\Lceù con(rol aùd experi-
mcntat populatioDs. This diflereûce is seen morc c1càrly iÈ Fielre 4 with cumulâted
percentàges plotied alons the abscissac: it is ùotr exsteni fôr the 8 dây exponùe. it
âfpears for thc 15-day exposure dd increases for longer exposures.

Conseliucnl1y it âppears thât in .mice under our experlmental condilioLls llic cilecr
of microÿave exposue oû convuliion ljmes and morla1ity bccomes pcrccptitrle o.ly
atter â period longer than E days.

FIELD EEFEÛI ON §ENSITIVITY TO CÙR-INE.LIKE DRUG§

1. Techniques. To siudy the suscept bjliiy ot animals !o curare'like drùgs. \ÿe haae
used t1ùee different me!hod!: Experiments on Lhe intacl âdmal. on an l, ri,4" neuro-
tuEcular preparation, md on a! isoleted neùro1rlüsc!ûar lreparation. All elperinetr-
tal animâis werc irrâdiated for 10 to 15 dàys: the coilirol dimals were heid dù.itrg
the same time under the sâme environmental conditions.

a. Intâct ânimls: 5.1 conirol and 78 experimentâl rals of thc Châries Rivcr s!.ain
were used. ln each rat. âîter ancsthesia w;th Ncmbuta| a catheter was intodu.ed into
the jnguler vein, foXo\ltrg which the tested drug (Gauamin, suxâmethoDiun) was iD
jected al rhe râre of 1 ms/min; the time required for the disàpleàrânce of àl! move
menis, parlicularly respiratory môvements Irâs neàsured â.d frortl ihis we comljrted
the mount ir ms/kg neceisâry tô obiâln c.mpl.te pàièlysi\.

b. /n slrr prepârâtion: 16 conirol and 2.1 experimental rate were used. Iû each rat,
alter desthesia with Ncmbutai, a jugalâr lcin catheter, a trachcal ceùnu1À for elsjsted
respiration and à rectàI thermistor {ere intoduced: the iendon ot the left gàsiro-
cnemnrm mùsc]è was set free. and then fastened to ân isometric transdùcer whi.h nàs
conûected to a pâpcr recordert the leii sciatic nerÿe, âfter.eniral tying, was slinmlateC
by 6 ÿôtts ,..5 milLisecond reclèngular eleciric shocks wiih 0.1 1{z ftequenclt af-
ler a 10-mi!ùte $'aiiing time tor attainmcnt of the neady state of the prc!àration.
we gaÿe a qrick injection of 0.1 mg/kg of the tesied drug (Pancûronilr brom-
i{:le): the âmplitude in Frcentàges of the iiitial r uc was compuled from the rccordins.

c. Isolatcd prerraration. 166 control aùd 166 experimentàI râts \rere used; *ch ani
ma1 \ras decapitaied ûiihout aùesthesia: ihe left hàlf ot the diafhregm wliLl the lelt
phrenic nerve wÀs tàker1 ôui and placed in an o:ygenàted T)rode balh at laboratory
tempcrâture; the ncrve !!as srlnùiated by electdc shôcks identica.l \ÿith those oI ûe
tu rilù prepâràtiotri a g]às len fastered to ihe muscle recorded the twitches ôn a snok'
ed drom: one normal and one experimentat lrepa.aiion were prepared simultèneoisiyl
after âttainils a steady stàle. lhe tested &ug «lecamethonium: 1:16.3 ùermi: sû-
xâmethoniom: 3 lLsjml: ruboclfarin: 3 ùsiml: dièllylnortoriferiD: 5 [grml).nâs xdded
to rhe balh and left nndisturbed for three minutes: rhen the prepâration was $à!hed
\ÿith uniform Tyrode flow of 4000 mlih lor 10 mlnutes: the perceniage decrcisê ln
âmplitude per minute was compulcd lrom thc rccordings.

2. Resùltr, A!1 these experiments demonstrated tlnt indiated rats appear to be less

suscepiitrle to larâlysing drùgs than normâl rats.
a. Intâct ânimd: Table 3 ,tho§,s a comparison bct{,ecn the ùumbe$ of annnâL \.Jrich

were parallsed by les thèn a l1lrcshold dose: 6 me/kg for gàllamii. 1.5 ng'Lg lor
suaamethônium: there is a very significanr dlfference (ir lower lhan 0.001) bùt$een
experimentâ.I and cônlrol àdmals, the former relLulrjng hieher doses for pêra1ys;s.

b. .L ri,u pr.rErationr the aÿeraged curves îrom records were piotted lsee Fis. 5)
as for the intact animal techniquq the erpeinental rats \ÿere pÀràlÿsed to a leser

\,.J}.{o - DÈLoéi;c_ .,€ t-!ic-.?4,r.^ ÿÉ R*DiÆ'iaÀ.)
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Tâblc 3

Gâllâmine 6 mÿks

û! = 15.93)
p<0.001

' suamethoûiùû - 1.5 hÿks

4t

I E*e-l*"r,t ,"t.,t"

21

6
É

18

Q! = t2.17)
p<0.001

lolt3022rù3

,"t-'
i

.,]
i 11.

È r.,I,,,.1

""t%L

decreesc after Pêncùroôiùm. NS : nor

Tablc 4
pûcuoriu

u.E
4.35

sienüicant; .l- : sianiticanr.

2l-12 tR44
3.54 

I ".,
oo»r" :umrlo.or>Pô>um5i

15.92

1.80
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extent thàn controt râts. With this techaique, we obrained an addirional re§u1t: the
reco\,ery wâs fâster for iüadiated âl1imats flrâ! for controts; the difference between t;;
averaged curves, not starjsrically significâDr for 30 secoDds, was very significant fromi to 3 minutes (see Tab. .1).

.c. Isolatcd Fepeationr foru drugs were tested: r\ro (decamethoDjum ând suxametho-niùm) are leptocuares which stâbilize rhe depolarizarioD of the nembrane. ând ;
12r45 l0 mm

Fig. 6, Isolaled lre!àrarions.

Table 5

Sùtametbon iûm

t0 1l L2

2A

30

50

60

", 
| ,, ,u,

N 
- 

18: 1r'rq

;;
m 4.7 t0.6

F t0.J8 ]:t1,11
n;2ô 16

3.51 4.85

19.5 11.9

t:.rr]t+.re
18 l8

9.1 4.6
!3141!3.24

61.1

19

40.3

34.3

2,50

2:7.9 6.8
:i,1.36

1.6

!2.10

18

22

51.8 , 6l.l

1.51 1. 1.06

\ .T"

\,-./
OECÀI.1ETHON UIJ

2A

60

tl
' 'd.,c

\,/

\"/
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14.555.7

51.5

5.1.9

1.36

50.1

= 
1.76

6_7

1.61

19.5

t 1.95

7878 16

17.0 ll i
!L.('1 it,49

L68
12-A 20.1

_t*l*
I

i

l0

othen (tubocurârine ând toxiferin) are pachycuràrcs ÿ,,hich srabiiize rhe polarjzarion oi
lhe mcmtrrane: for both kinds, the res! ts (see Fig. 6 ànd Tâb.5, 6, 7, and 8) are simi.
lâr: tlie preparations oblaiûed from iradiâted rals âre !ùalysed ro a leser exrent and

lhan those lrom normâl rats: the dilference is evidenr and very sigDi
ficant for suxmethoniùr and toxiferiri less evidenr or tror significant for the tso

21.A 21.O 201
!2.1i !234)).2-23

o' ,, i",
.20.8 1a I r4.l

,o 0,, ] ou

2rl 28 1 i0+

2..1: l..lo l.li
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DISCUS§[ON

These resùlts show that el:posure to a microwave field of a 5 nwrcm? mcaD power
density fo. a few dâys allers the susceptibility of anjmals to certajn drugs.

Our cxperimetrts wirh penteirazol rlcre besun lollowins our obseiatiof,s of lhe at-
lerntioDs in the iât EEG (21 following erposlrre ro a micro\râve field: at rhat rime,
we \rere unâwàre of lhe worL of BarâÉski ârd Edcheln (1). 'Ihc EEC records ot râis
ÿhi.l qel.âdi'-durrcaq,l n,c-oq"e.;orledbo\e..le.c.rr.(dcord.,Jr.r.,.o$ed
elieralions analogous to those which ùe fcutrd jn ar epilepiic fit. We supposcd rhar
the susceptilrility to a cônvulsant should be increesed in a rarallet war to EE]G

"'re,Jr,on.. brl f gue J \bo;,d brp\æc \c-rror r s...(r,ibi ir) $hi(h.,^.a. \
explèined ar thir time.

We were led to sludy thc susoepijbility 1o cuüre iike drugs bv an accidental obscr-
vâiio., aho during onr {ork on the EEG. Eÿen more rhm our e:perimetrts ÿirh pen-
te.rJ,ol, tl('r r Lg. b..e oe1 , ret r,. lJ beLrl o L1nÀrdr I .Èe ç.r ,

microweÿe iield acts.

Many hl,potheses to explai. â decrease in susceptibiiity ro a drug could bc âd\anced:
l) the absorption decreâsc!;
2) the excreiion ls ;.crcased:
3) the distributjor volume is inc.eased, or modifications of rhe blooC disrriburjon

.1) thc bilrCins behÿeen the drug âad the caûier prorejn jncrcases;
5l the eùlmntic mechanism is modilied, either by a decrease in rhe quàniily ot ihe

enzyme or bt â r.lodificalion in the eü]me itselÎ.
O r erperiments, and pâriicularly the Àolated diaptuâsm triâls. 1eâd us ro tocàtize

lhe aclion of the field at tlic ]c!el of the neuromllscutar synâpscr coûsequeriiy. \rc lan
exclude the first lou hrpotheses.

We have mearured Delromùsculâr excitabiiiry, whi.h À ide.tical fcr lormâl and

eFFe.-r-s { HeAlfl HAzAÈsS
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ùradjated üis; ÿe hâve also tried to tikâte the enzyme acetylcholinestemse iD the musc-
le sithôu1 fi.ding my diffcrcûæ betweer noûn41 and irrâdialcd ànimâls.

For ali thcse reasons, it seem to us thât the ûicrowave field, actiEg on the mùsculâr
level of tbe Deuromuscùlar synâpsei creates a decrease ia the binding energy between
the drug molecule ând the en4me moleculq such a decrease could explain the djffer-
ence berlrcen. the susceptibility to curâre of normal and nradiâted a nuls. We sha
now try to check this hypothesk-

CONCLUSION

We have ùoÿn that âlbiûo râts, aJter a fe\ÿ dâys of exposure io a micro\îâve field,
do not rcâct iû rhe sâme wây to cùtain drugs âs norml animals do. For orde Iike
products, ue can locate the site of actioD of the field at the nerromùscular syn.pse,
and more preciseiy at the posr'sFaptic membrde; the mechùism is m alt€ratioû oI
the acetylcholinesterase molcclde by thc lield, probably by a decrease of ihe binding

It js unlikù ttÉi this mechanism is the only olle by which â microwâve field is able to
act on livin8 malter. Anông the numeroûs biological effecls of microwaves which
are quoled jn the literatsre. ÿ€ shâll certâidly lind maoy other mechani§ms oper-

As â mattq oi fact, mdy of these biologica.l effects ot miclowaves are probably
Darts of a "psycholosic disease" ÿhich is Dot generaliy appârent by itself, but is re
vcalcd by some +teüa1 agenr§.
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MICROIÿAI'E IRRADIATION,dNT} ENÛOCRINE FUNCTONS

. t. Mikatdic<rk

lnstirute of Occn!ârion1l Nt.dicin., tr_ôdz_ polantl

D,ring.rr\e.r;s2,oo\onrheb'o'oBile'tecr"oi.icroq.\esd ellloD.toLldbc.1i.I
LrLlror.. I ';. 

,\ 
bec_u,c or I re folto§irs red\oô§.i. T'i. rJ-lorra,oi.r ete! romdêne,i eorrgy n,o tedl k:rhiD ürios i,.,es .,r.,,cr r..ed-LT oi -rr r.-).Lr)ru'd rrrcio^ ôecoJ.e ot rre ph)§oroer; roe or ;,l 

^.rr.l 
loi or. ,or hr_, u-ooJcr un .h 

rrre anim.! booy.
2. Microrÿaÿe irradiètion can be e eiÿiromertal stress facror and thus it is reaso_nâble 

.ro inveslisate rhe piruitary adrenocorlicâl ,y".- b;a;;;; ;t it;';il;il-td.e , ' rle {ie.. .r Ta orgn r,. n.1 Tle fulctror ol -n"e eur,ù. .er.ir.rirv rô.ie u,r.tr errecl orcxcessive heariirgi this provides the tosicât backsround r; *ji", 
-J-ii"'p'*uiiôl

-gonadal svstem jn the ease of nncrowave nrÂ,rrar,ôn
:1. SNh hormons m acctytcholinc and adrenatine tre mediâto( Lcrweetr the nervoussystem and tissues. It seehs posible that microwave râdiârion maÿ m"dif"l;";"ri;_,) oI rlu.e rrediJ or,.
Tle tru.{ o. ô $Ferhe- ,be.e '§ g..rer"t or .(tec ire reccr,.-r\ or he en.tôcr.nF \v-

e\po\ed lo -1,.rosd,es .,onor te ,o."erel d..,niLi,"t, .; i:.
1,"1. l:)"uï,,oLorJre\e.docrjqoros;J"i 1'",, Ê",, .,.1r;,;.i.;;;i"":,1,:

or r.Jrdr.ôr. {no1c o\e- lJ0 biotoB:ccr(hr,ee. described rotiô;rr.ere(rroldsre,( ir âdiJ.,on c,d une.r 
.o Re|or. N". r;-;;',; i.,,1";:;i; ;"ï::ilr,r tL.e ,o, .ore io, ieeù .n"rse. ar, of e;,locno",gir . r,,acLe-.In spite of the lrse of various classical aid node; eDdôcrjDotosic merhods not a1lr€sults otrained in different laboralories ùe in asr*.*t. It ,""." tn.t r"i.t*àÀ ithis kind on microwâve jrradiâtion coûtro1 inÿeslisarions ;,l;;;Ë;.i;i ;;;il:âre of Frime sjgnificance.

THE PITÙ IT]IRY.TII) ROID -{XIS

.or,enjùr a,d ro- rbe jüi.,.onal e\atüJ io1 of rt_e DiruiL-h-rh(-
1,"19 

*,. .:.:i., i. rre I aa\e o, tu. 
.o o.ri.e r|r,e Lry,6;11;."s i"o".. ;;_ïï.

"'ï11-,-l: -l er ir\ 1r n-ro.,o, si,1 .hrrod..r;.rrrrs rormore,r\Hr.
,._il-: 

,:ll ,: otLx6ed r 8-orp.. or.Lrr,iec.. f"ô.e§o..uy e.po,eL ro r:c"oqaÿe r".
smrlar re\ts ln cotrûol sJouDs (6. 7).

_ Relently Bâ.rnriski et ai. (1) showed the stimulâting influence of microwaves âr5 mwri cmz on the irâppins and secretory rurctjons .f ;" Al,;tJ;";; t;;;'t';;i"::lùnctional chanses have been fouDd à æ tn agreement with rhe hinoiogy of the

The simultaneousjy pubtjshed resulrs of Mjlro). ând Michaerson (14) of their ex.eri.ments on râts exposed to microwaves usins power d*.,ti", *rc;;;'i;;-1ô;;i;;
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Mictotÿdte lrtudiatia]1and Eûdocrine Fu ctions 4l
jn acute experiments to 10 mw/cm, or 1 m\\r/cm, in chronic experil1lents did not
-e\edlar\ e.\erj alc, 

'reeq 
or ,\. ,h) roid f' nc,ro,.

Il seems tbal it was the eaperimental procedùre ând co.ditions rÀther than the diffeL
ence in animâl species that might hâ\,e been responsible for the dis$elencles in the
abole meDtioft d results.

It
|2 t:: ir.4 a.5 r!

Fig. ./. The ælation betçecn IJodÿ ÿeighi ,r in kg ând surival tim. . i! ml!ùtes. Conlinuoùs
and intedpted 1iûes detrorc rhc iunction î:n 

^nd 
9ila côllidcn.c limits, æs!ecti!r1y, tor

37 notual ÉLs. The surÿiral timcs of i3 h$ophÿscctomized Éts ère denôled by circlcs
$hich ùe nônJinea.ly dislersed aboÿe the upl,er confidelce llmit ôi sùNi1â] timc lol nor.

mJ 11 ,.
Coûditions ôf iûadiarion, Frequency 2360-2830 lllHzl fâr field in a! decloic chaûber.
Cort!ûnoùs p1âne ÿare \ÿnh pôser densiry 120 rll\r/cû,. The lats sc.e iiradialed indiliduâ1lr-

in lerforâred cages made froû !o1ÿneiiicr-r1.tc.

Tâblc I
Corticosrcrone dctümine.l lhoroûetricailÿ in thc rdrcnâ1s ùd in blôod llasna of mâlc râls
ÿhich had beeù acostoùèd for e fortright tô erperi.nental lrocedùes betore rheir erlosnre

to ûicro$ave ûdiation comlarcd ro ,ats thât h4d not beetr sô accustoûied. Conditiols ot
irêdiaiion:

Frequenc,, 2E60 2880 }rll{zj far field in an anechoic chaûber.
Contiruous plàne wave with ,ôwer densitÿ i0 û\1i/cm,. X I S. D, - ûeàn aDd stmddd

Exlerimeüal prôcedùre

MâIe mts ùnaccuÿomed to e:peri-

Mâ1e râts a@ustomed during â fôrt-
aight to experimental pro@dùres

IrÉdiâted dùring 15ûi-

Iradiated during 15mi-

Irradiated dùing 30 mi-

26.4 28.8

5.6 + 0.45 I 1s.5 t 3-3

4.3+1.10 122.2+ 3.0

14.2- 15,4 28.8 -29.0

I'g/l00mgxis.D.

4-3 ! 7-70

xts.D.

Control (4J 4.5: 1.04 I 29.0 i 2.1
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IiCirect eÿidence has been obrained rhat rhe lo1ÿered generàl and iisue meiabolic
raG nnlorvjng h)pophyseciùmy exerts sôme protecrive influence on the timè-ielated
lethâi exposure of râts to microware radiation. It wâs found that the ÿrrvival perio.l
of nomal rats erposed to mido.r.ve§ !ÿas Iùgely a fnnction of bo.ly mâss. Surrivât
pe.iod per unit of body we;ghi'flas significantly lonser in h),pophysectomize.l than in
ùornr.l ,als (Fjs. 1).

TITE PITLTIARY.ADRE\OCOR'I]TCÀL ÀXTS

The funcriônâl relation betweeLl the$ two endoüine gtan.ls under normêt ,onditions
shows c1edly a circadiân rh,l,thm. Nxnerons enviromental factors poteniiare the nctj.
lity of this axis. inducing what À known as a stres reaction. Ii hâs beer shown thar
Exce$ive heat caû be a poNerful stress fâcior acrivaiing ihe pituitàry-adrcnocorri
câi À\is. Ileat stres due to a high power density of micro aves maÿ atso be ch an
rt,..,' o tê.ro'. Ho e.e- Éuo. "rc o- lo$ F.'§e- ,tcr.i,i, o. mr;,*r,*. o:rg
lnnüîicient to lroduce a rhemral efiect, prôbablÿ can.ot clicir a si.ess reàciion.

ln *ort tc.m exlerimenial proccdures, esleclallÿ itr rhe itrvestisatioD ofthepirùitâry-
âdreûo.orticâl a:À. ihe reed to adâpt the animals to new environmertat con.litiotrs
belore â proper expÊrinent k obÿious. fhe rats acc11stomed ro expcrimenral Froledures
did noi show a ÿres reaotion followjns lhort terln €xposure.to microwâve iûadierion

TIIE PIIUIIARY.GONÀDAJ, ÀXIS

The edemal localizetjon oI the male gortads. the hjgli rare ot c€1l dirisions and diffe_
rertialioD. atrd the flct that tlÈ nain rouie of heat dissila.ior js rhrough ihe blooC
vesseL oi ihe scrotâl skin are probablt, the priDcipal fâcLors responsibte for rhe high.er.iii.i'! ol,lc.- orgJ F o ri,o$1\e rr"Jid oo.

Àt various power densities of microwaÿes hisloiogic ard tunciionâl chànges in the
teÿ€s have been obseNed in experimenral animals (4, 11) and in mcn (16, 17).

Iû the corrse of chroûic microwave iradiation of different aniûal sDecies both nôÈ
r- r '-. .r'ior ,). l. ._, drd .e, o..ty -j.,rroeù ,er-oouLr:ô. nd,e beer Je.c-b-

Gum et â1. (11) sugsested thàt the adrogeDie Lypofûncrion of iDtelstitiat gona.lal
dssue (t-eyüs cens) in ra1§ erposed ro nicrowaÿes could be of exirasomdal orisin.
.lùe 1o a dimiùished reactiliry of rhesc ce1ls to Ll{ or io reduced LH itr the hypophlsis.

Frôm the rcsllts presenlcd in Table! 2. 3 dd .1 ir is evi.lent iiDt rhere \rere no coDsi
slent paiholôgic chengrs in rtre amôMts of gonâdobopitr§ (LH and FSH) atier clr]ol1ic
or shorlterrrr erposure of râts ro noùthermal doses ot microwàves. However, si.sle or
repeateil erposure of rars io §uch power densities inducêd derætab1e shifrs of hypoph],-
seâl gonadotropic âctiÿities. In generel. the conten! of LH aûd rSH tn rhe trypÀpÀysis
was aùgnlerted in animàis killed imediately and was dininished in animats kiled
18-20 h after irradiation.

In the h)-pophysis of ânimals cliposed to iethat porve. density 1eÿels (28E0 MHz, i50
mw,crir) llie coDteDt.f rStI, LH and GEI was uncharged ù comparison ro that ii
conlrol aninrnh funpùLrlished data).
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Table 2

The aûonnts of sonadôtiolils (LH and FSE) in ihe Ùt€riü pitÙi1aiy g1ând of coltrol

-,:"1lll i",r "i 
fi-ri '^,'..p"'"a. 

micror-'s 2 bour' d1 \ bcraeen Apr I 2r 'Ûd r'rr''." ,";, -'- -i i'-^ -1,ôd a. bcen clci'ed dL a-bp').18 20 i'o_'' ùrer lhc '{ irrâ_
j1;,-". ';i:;';J:'i'ü',îJ r iH l",. ". .r." a. o i .o e t. et b rhe \-' r " Pjo' â e

:li;;"i:':;i'i"'' ic*;;,'.i i'os' -o ov 't" o''rr'- â'enen'ârior tes' ff\ùs ct ar"

iËir,',"'1.;:;' ..";;"a -n,a u e .-'e e'pe'' \'r" rôe ' dodârc'' i e'

rii-ri-i'.,* \or-F\Hs7. $e'e '-.\ed.- 'LP''n'e re\el 'rre'e ''''c'd' scre

ôh^inel t.oû r,- N4Loc4l lIJ.uie Ô nctr '' L do'r'noo!/ (udv $'"oÔ Betbe'dr'

USÀ)- CoDditions ot irradiation:

Freouenq 286o-28E0 MHz: fâr iield in 3n anechoic chatbct â) conlituons waÿc sith

,.1,i"ii.,'ir:."t-ro--vv"m:; !) pùlse't saÿe repetitiotr ratc Ôl 800 Hz and arerage powei

.lensit! of 10 mwcmt.-'-îi i n + s. B. - -"an ald stùdâd deviation or srûdard eûo!'

t i s.D. I,I{
xls.E.
(1idii,

480 -_ 56+
(lr0 - 700)

444! 20+
(390- 510)

368 t r1+
(340 - 390)

ISlIIis.E.
(limiis)

] *nn ,- ,*-
(7lo s40)

111! 55

(6?0-810)

r'11

111

+,7

l8L

111

i70 i l1:1
(680 - 1200)

298133+
(210-380)

700 i 11+
(680 - r20)

Dilfcrcnce sietrüicart at P : 0.05

OTIIER HOB]ÿIONÂL CIIÂNGEs

rhp ôIân.itr oI s-o$rh bornoDe e'rin rred âr tbe c' oe rin e d" I H aid l-SH'ests

*"*"n"..ï"-lt:i*".. so'ne e\pe-ime n. ,eteJled d rinuldroa etrecr ot T crosr(
;,'^ai:i"" "î-,r.-,-*"rs 

ot ci in rr'e I '?oph)' ' or r1I sl ned§.orler: :b:::'d
o inliU rory inrtuence ' nptrbl'hed ddlci' OII qa' ec'imdred bü 'he rrelr'od oL ureerr'

",i",,"it"i" $i r. e\ cholinc'r'\i\ed ro'elr' §bere" *o'e'"j:-''1 ilt-1*:-
".i*'-ii."a.",".t,"..e,l.melhancor'rolarL,1a,.lurirca.Ue1,.".',rtto üH,.',io nw .n':, ruPUb Ebed dâla' such xtr :Tadar'otr ot 'dre-'tine
,. -r,rinn ".ce",a'"a 

ir' Ùar'rorFdlion ir'o cÙomoêerc 4err\au\e'' e'8 4ÙctrD

li iT".'Iir. 
";""""' 

i". beeû 'bot'n 'o be inÙ'ünt' nbâbre rro n 'ha' dlrer co r'er io

nd beatins ot adreDaline solÙtions fl i)'

l0 d d' kept all the tiûe h !1aÿ
tic cases in the aniûal hÔ$e

lO d,l kclt 2 h dailY in {ic
câges in â sonnd_Proof chamb€r

10 ô,j e\posed 2 b daily,

tO Flv/cm:, conri ous wave

10 dJ .r!ôsed 2 h daily,

10 81,1./cr:, pulsed ÿale
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Table 3

Ihe amouts of gonâdotropins (LH ûd FSH) in ihè atrlericr litùitary eland ol contol m.le
rars and ol malc râts exlosed oû.e during 6 houE to microÿavc iadiarion. Th. lilxitary
gland vas e\cised rl aurolsy rmade iMediatelÿ alLer exposure ol the animals. Con
ditions ol irràdiâliôn, assalB of gonadotrorins and ôare. indicàrions the same as de\.ribed' i! Tablc 2-

l0 ard kept a1i ihe tinrc in llastic câees

10 dd helt from 7.00
pm. in 1ÿire caees in a

ug/piluitary

,.; - ;-
x + s.E. x + s.ir.
(limiis) (linits)

XiS,D,

210
r23

214

262
+ t8

246 : 20
(190 3101

4rl i: 25
(4lc - jrlo)

292 - 21
(2r0 - 3e0)

510 t 59
(370 - 660)

ftom 7.00 a. û. to 428 ! 44
(100--5c0)

742 t 5)
(600 -- 800)

Table {

The mounts ot gonadolrolins (LH and FSH) in rhe anlerior liluitùr eland of control
mâ1e Éts od ot malc rat! *losed to micrcÿaie radiàtion 2 houis dâi1y 1rôû Dæ. 14.
1912 to Jan. 10, 1973, The lituilèry glard wâs eacised at ântôlsy ûâde imedia{ely aftÈr

the 1âst irràdiâlioq of àniûls.
Coûdilios ol irladiation, 6saÿs of sonâdôt.opine ard orher ildietiotrs de the sânD âs

,les.rilêd in TâIi]è 2.

Bodf weight

x1s.D.
LH

T I S. E-
(libi!0

FSIItts.E

10 d'd kepr 2 h daily ù doùble
screened caee placed neal the anechoic

40E t 32
(110 - 470)

520+ 47 i ûoe* s2.

(400 - 630) (1000-- 1720,

207
!7l

805 i 55
(670 - 940)

10 Cd exposed 2 h dailÿ to
5 tw/cm:, contnruons \ÿrR

220

!22
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BIOLOGIC EFTTCTS Of,' RADIÀTION II{ TIIE 3O-3OO MI]Z RÀNGE

T. y. Kaldla, r. P. tukdt.M anà N. N. Gariatutu
Insiirntc ôf Indusrial Htelere md Occopâtional Diseises. Ledngredj Insiiture Ior Scienrltic
Reseârch on Indusrrial H,lgiene and occqarionai Discases ot rhe ÀcadeÙ ol Mcdical
S-e'c-.ôI o. U\\R. V..!o'\. d.J ln.r,r r.. t.ü -, H)eien. or,dO..r\rr:o. r D!.â.e.,

Harkov. USSti

This commùnicÀtiotr lrc'enis some gencral re{trs oT inÿesrigàtions ccn.luared du
rjns mÀny years on lhe biologic actiù of conrinuouslv senerâred electromastelic fietds
u' 10û \eflrq' ''er..i {I5rI rle rurse or 0 20^ \4 }r,,. e.r rore, $:"e.rrrecreJ
at hysienic, clinico-irhysiolosic and experimertat aspecis.

A complex clinical examinaiioû of a lùge number of specialists ,vorkirg ryirh gen.
raiors of ,r1ira-hish lrequency energy mede it po$ibte to define vârious healrh .telia
tiôns in these rvorkers (2. i, 5, 14). The exâmimtion of this sroùp of peopte esed urder
40 years with a historr ol occupâtional exlontre of oÿer 5 ,vears demoi(râled the fre-
quent occurreDce of futrctional chanses in ihe cenr,-âl nerÿous system (52%). Nô orgairic
lesioûs $,ere fôlrnd. A legetalire dr-sfùnclion was thc princila1 form of neurôd),n;nic
disturbanccs. The slmlloms incluCed hyperhi.lrDsjs. persjstent red demographiin and
enhaDctrmeat of Lhe piiomotor reflex, all of â rnild .legree. However, examination of
the tl.ctional status of highff vesetative ceDrers by means ôf speciat diencelhâlic
tests disclosed quite freqrenll) '/ùiors âromatier of ihe thermcregutâtury reltexes (distor-
tior1, inhibitico, ràcD. 'rhermoaslmmetry and isorh€.ml \ÿere sharpty exprese.t. Distur-
bêûces of photoreactivitv of rhe skirl rook the predominanr form of a jowered th.eshotd
sensitivity to ùltraviolet radialion. The vegetative dysfunction wls accompanied by
neunsthenic (hyperslhenic) symptoms in 1:1% oI c1ses. In no case were rv€11deletoped
forms of âstheniâ olrserÿed. ]'he relationshlp betweer rhe frcqueùcv of nenrod),mmjc di-
slurbances and the lengih of work ÿas clear cur. The nerrous pathotosv 1vâs ,omcwhat
more freqùetrt in ÿomer (5a%) thàn ir men (4E%). Circularory peihology (hyper-
rension, mlocârdiodystrcph:r cârCiosclerosi, w3s tound in 2.1% of rLlose examined.
The histories of these patienls did not Îelea1 uy fâctors ÿhich rnight have ted to lesions
of ihe heârt muscle. A numi,er of funciionat shifts of pre.tomjnantl_\, slîpathicoionic
nature were disclosed. Osci ographic data relea1cd nised hemodynâmic pùâffeters.
Capiltaroscopy ÿisuaLized slastic atrd spastic âtonic ticrures of the capitldies. Eleciro_
cùdiogrâlhic exmiDatiors e§lablished â hish treqùency of moderate impÀirnent of
oxygenation of the heart nuscle (in 42 ou! oi 50 parjenrs under,10 years of age, iltrh
negative histories). Chole§lerol mctebolism was investigated h the whole sroup atrd'n.lJdeJ nearre-e ,È oI o a c ,oterer.'. r, â.e n b^r nJ .,o,e.re.or a, d ,ordl
phospholipids. The level of looselt, prolein-bound choleslerol was elcyatcd. an.1 rhe
raiio of phospholipids io cholesierol rvâs lowercd. In lhose workins for over 5 .jears.
âiso Lre roul LhohJen lc.1jc!r sés e'!\rreo.

The combinatiôn of the tlvo interdepcrdelt fâctors - .eùocicutatorv an.1 metè-
ioli.di.'rro.,nc.wl-.rJ.cor..Licd'orge.r,.ures,o.r-c,ro-LSrer'c.e.J.JI tr
meler rânge plèied â sigûificant rote ii the deletopmcnt of ctrculatorÿ Érhotosÿ.

Changes in the gâÿroi estinxl r.âct r.re founc ii1 t:li,. of cases (chronic gâstriris,

eFFÈê.t-s { Healfl gAeAÈsS

^244

\^n{O - DÈr - -L;c_
z,€ {-1ic]?§v.^!€ R*Di'Æ'iat)



Biôtaeic Ellets of Rdrtidlion in the 30 3a0 t[Ez Ranse 51

12%, lltce$, 2%| tn hd1| oI the cases, sastritis wæ diaslosed in youns patients.

It shoûld be troted thât in aI patients gastric ,esiôns developed agaiûst a backcroùDd of
leJr'ü.tedâ \)odrome alo \eCer.Ù\e dyst rncÙon. No qudDritzlive châ1ge§ rn rbe perr'
pheral blood were foùnd. Some deviatioDs in the physicochemicâl ând tunctiônal proper-
ries of the eq4hrocÿes and leukocÿes were obselaed. A lowered osmotic resi§tance
of the leùkocltes of those exmiDed occLrired six times more freqùently than iD controls.
The phagocÿi. reactiotr was also loÿercd aûd lcd lo a ÿeakened imnunobiological
reâctivity of the olgarisrl. The increese in flll1ctional disturbancês with longer pe-

riods of work h electromagoetic fields. taken tosether with shârp differeices in heallh
sra,u\ berseer 'lose sorkirg s:lh corce\ or elec.rôîâgner:c tielG aDd Lb.ir cooûots.
pôiût to a li.l< beiween the changes ând the occnpational factors.

Analysis of data of eaperimental investisaiions conducted both in factori§ (7,13) and
under lêboratory con.litjons on wolkers and vôlunteers (8,9, 10, 11, 12) showed that
electiomâeneii. fields of ûor-thermogenic itrteûsity are indeed harmtut dd ûüv produce

Accmulation of biological effects is rcflected in resetting of functionat system§

of the orsanism to a new leve1 of activiiies.
In this wây stàtisticêlly signlficànt phasic chan€es in the initial level of the functioml

status of the themic skin an yser. aûd of circulatory and central nervoùs systems iÊ
those working for vârious le.gths of time were ascettained. Figure 1 may serve âs

150

120

'tac

2A

0

Fg, /. Claûses i! the leÿe1 ol adaitÿ oI thermal recelton (1), th.eshold tcmlcratùre seûs!
ùirÿ e) end {reshold excitâhility of the visùâ1 mâlyser (3) iû workeB with larious du.atio!

of employmeni, âs comlarcd with lbe conrrôi group iaken ù 100%,

frgure I ,hov. rlrr Llecr'ur"jneic lrerds hdd a, acliv:IiDg iDf.üerce on ,ho.e
\yorling for less thàn 1 year as manifesied by chanses in the pattern of ihennal receptors
as cbmpdcd wilh the control group. \ÿith increasi4 tergth of vork uniler conditions
inctùdins irrâdiatior with eledromagnetic wâves, the levet of active ihermal receptors
sharply declined. The adjustmetrt of thermal perceplion chæged coÙespondingly. In
those with â shorter lensth of work the tbrcshold of heat perception wâs much lower
thd in controls, and ir those working longer it was higher.

Phasic chanses in the initial level of functioml acivity were recorded on investi-
gatjng orher analytical sysiems. Shoricning of the latent period of reflexes to sound
and iisht slimltli and a lowered value oi the optical chrotaxy in eârly period§ of work
!ÿere üsc1oscd. These pdmeters lergihened with increæiùg length of work. Hemody-

EMPLOYMENT
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namic parameters reflected hypo ùd hypertensiÿe fluctùatioûs dûing the çorking dav

and ar increâse of hypertensive states with lengthening occupational expo§ure.

On comparins results of ph,vsioiogic iûÿesiigation! ÿith physico hlgiedc palameleB

of irra.liation of vorkeis, a clearcut relationship ÿas noted between the charâcler and

level of reaciions aûd intensity of the fector eciing h the iDdust al enviromeni.
Experjmeûtâl daia obtàjned in ÿotunteer§ under labomtory condiiions of iradiation

mimickins itrduslriel va.iants reveâled certain principles côncernins gcûeral phvsioloeic

responses of the hunân body towàrds electromaglletic fields. The thermoregrlâtorv
system, some systems of hemodymmics ând thermal. optjcal ând auditorv ânalvsers

proved most functionally reâciive md sensitiÿe to the influence of experimen!â] irradii
tion. The .iynamics of fûnciional deviations werê cômpàred wilh those accom!ànving
the presùmed âction of the tactor.'l_he irradiatiotr \tas §vsiemaiic with dailv 15 min
exposures and the 30 da,17s' duration of each series of ireatments TlÉ ambient tem-

perarùe rânged from 22.6 to 23.:1'C with relâtive hmiditv of '10-'16%.
The resulls showed lhat some functiof,al deviations look place duritg irradiârion,

\ÿhile nthers fouowed it. The skin temlerâture of distal pàrts of the bodv (huds, leei)
was elevàied during the lvhoie leriod of actual irâdiation wilh simuitaÙeous inteE_

sification of heât loss tlùousi1 emission aûd dcmobilization of heat receplon. Thr
number of active cold receptors sharply increased.

Figue 2 presents lhe ]eÿels of the hmd skin lemperàiure, heàt emission, atrd chang.s

in the palle.n of heat and cold recepton during silnrlâied ànd actual ilradiatjotr.

!/j;!. nnrcr or

ris.2. The levcls of indiccs oi rhe hatd skin teûÈeralure (1), hcât cmission (?) cnd.hâtscs
in nrmbers of hcrt (3) ard cold (4) recelrors during.clùxl and shanr i..xdiation. the lxrtcr

loleû as 100t"'

For asscssment of the sletus of the temperature analvser. duration of ihe latent

lerjods of the reflex to contàct atrd Édittcd heat ÿere measureC 'Ihe visual and

..uditory analysers Fere also àsessed. It was fouf,d that after iûâdiâtion. es well a§

dxiing the whole period of the actual action of the siimulxs. the dB.ÀiiÔn ot lhe

refletes was shortencd. Thus ihe eacitabilit]' of lhe anal)sers was increased. The iniliâl
valL.les of hemodynàmic parameters md of the pulse Iâtè had a tendencv to incre:tse.

appffently dùe to the irritatiotr of rhe sympathetic nervous system by the field.

Resûlts of investigâtioos of regioDal blood circuletiotr showed àctive Y.somotor
reâctions lot only duriDs iûadjation but also tollowing jt. Figure 3 il1ü§lrates fluctu-

t

t2rl

2a
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001

0.c6

ai!, J. Fluctùatiofs iû pùlse ÿolme duing shaù ârd âcrùâl irradiations. Srmbots: r
inirial reâdi.gs, 2 swir.lirg on ôI thc eencrarôr, 3 ând 4 - 1J and 30 min of iradièrion.( .r'.ùe or' o'r - ce -r o.. o.nd 7 .i ,ad 'O mir ot (.o er\.

êiions in puise volume as recorded piethysmographically durins simulâred and actuet
irradjetion. Switchirg on of the gereràtor. âs ÿet1 es cessarion of irradiarion. were
d-r,,nr. 'ed r) pul.e \olLîe. loh-..( rhe erd or a.didrion dld oL
rins ihe 30 min recovery leriod this value was lowered. In rhe conditions of the ex,ireri-
ments the lorus of peripheral blood vessels sâs increased durir,g the enrire iÛadiatjon
period §jlh p tiâl normâlizaiion followins iradiâtioû.

An anai$is of the dâiâ sho!ÿed that the i.irial increase jû ronns restlred from an
increôs! in pulse prelsurc, while ir the process of iEadir.rion it was dùe ro sDesricj", r. nt ,te-e-tter" \e..et..

From lhe point of view of contmpôrâ.ry physiotogy, such shifts in physiotogic
slste s from one functioml levei to another de resàrded itr sôme cases âs adàlliÿe
respônses to the action of exogenous iritaDts, and h others as exhaùstion or funclion_

The expcrimenral rcsults obtained sho\ÿed thàt the levet of actiÿity of the tunciioûs
under ilvesiigation ÿes changed: these chatrges mây be regarded âs adaptive responses.

However, rcpeated radiowave irâdiation over a 1otrg period of time ted to more se
rious luDctio!âi disturbânces, as elident from clinical srmptoms. tr follows that adâDüve
re\po,.e. ât dg pldce o rrirs 'le irirLl ndse\ or irdd aùoù \boutd oc resJ..jed ir -,n-
iDstaûces âs trâNient states wlth a polentiai lor becoming paihôlogic.

The infiuerce of electromagnetic fjelds upon the orgadsm of animâls wès iovestigared
iE both âcuie and chronic experimerts (5 8 monihs' iÛadietion). usiDg thermâl and
noa-lhemal iDtensiiies, respeclively (i,:1, 6, 15. 16, 17). The lmcrionat starûs oI the cen
irâi ûcrvous system (eiccboencephalogrâphy, ootditioned reilex èciiviry. rire riùeshotd of
neuromuscular stimulaiion ald others). hemodynamics. biochemicâl processes in ihe
aiimal nerlous tissxe directly connectcd s,ith iis function (aceiylcholiDe meiabotism.
some âspects of carboht draie and nitloeen meraboüsm), protein metâbolism and immu-
nobjolosic reacrivity $cre al] asressed.'fhe mordlologv of vadous orga$ an.l tissues

'i he resuits of these investigations showed a defidte depend.nce of biologic cffects in
rhe funcijonâl s,l,slcDs under study on the ieDsth of àciloa of the irradialioo àn.l phy§!
.âi lerâmeleN of the lxtter (inrensiry. lrequency and componenis of ihe fiel.l). The

0.05

-\0.03

p![]!o, nnaor,rrLor,r
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effects of thermôgenic itrtensilies were cônnected ûith eviden. dÀturbânces of the
nervo.s regùlârion and functioDal impâinnent of the hypophysis ànd suprareûai corter.
Functional disiurbeces of the nervôùs system rvcre clearly conîecteC with the d-
haustins influence of the causafi.e factor (EM field) ùpon nen'ous cells ÿith prog.essiÿe

ininbition, in some cases extremely severe. Seqielâe oI jffadiatiox with rcnthe.mogerxc
intensilie$ lrere of the same cheracter, thotsh ùi1der'

INestigâtions aimed at elùcidatioD of ânimal brâin metâbolism \ÿerê cond'.rcted to
gâin insight into some asPecls of rhe me.harism oi tunctioml disturbances of ihe
nerlous system. The results of exposùre io electric fieids shorved that glvcogen hvdro
lysi! was more intense and that oxi.Lltion ôf its iDtermediales wa§ impâired (low elv-
cosen and Ixgh lactic and p)mvic acid content). Chronic nradiation with màgnetic
fietds led to glycoeen âccumulation itr the ti§sues without charyes in conceniration of
lhe other compoundr uEder study. The findings flerc regarded a§ a lesult ol lowered
âctivily of the processes of glycogetr utilization by the nervoùs tissue due to functional
innibition. as wâs established by ph)_siologic invesiigatioDs. The proces§es of car_

bollydrlte metàbolism in the brain were sti âbiornal one montb afler electromagtretic

field âction, itrdicating the longJasting mture of the chânge§ and, perhâp§. the cumc'
Lalive nature of bioeffects. Deÿiatioû§ ot emmonia formatioû in the bmin tissue were

touf,d to be â simiiE in chamcter.

The furciioml status of the Dervolrs s-vsiem depends to a certâin extent upon the

acetylcholine leÿe1 h the brain tissue. lt \ÿâs shown experimentally that, as a iesuit oi
proloûged aclion with ele.tromâgnetic lield§, the lelel of aætvlcholine increâsed
conspicuoùdy ând cholinesterase activity decreused. The former ÿas eÿidentlv con-

nected wiih dhturbed processes oI aceiylcholine sFthesis and binding to brain proteim.
A lowered cholincstcra.se âctivity was of â compeffatory-adaptive character.

Châryes in immunobiologic reâctiüty had a phasic cha.racter, with peiiods oi sup_

presioD ot ph.eocytic and bactedcidal blood tunctiols altemating vrith increased

activiiy.
Morphologic nrresiisaiions sholÿed hemodynmic disiurbânce, and mild dvslroPhic

chùÂes h the pùenchymatous orsans ûJârticulârly in the liveÙ, heari muscle and

nervous system. In the cetrtral nervous system, change§ in rhe ga4lionic cels oI the

cortex ând of subcortical nuclei ÿere foundl in the skin receptors there wâs pârtiâ1 irâg_

mentâtioû of nervoùs fibers wiih cleârly visible swelling.
Thus the complex clinico-physioloeic and experimentai stùdies otr the biologic aclion

ot elecironasrctic fields made ii posible io establish some general biologic trend, in
reâctions of the human ànd mimal orgânjsm, to elucidaie some aspects of pathogeûesis

of functional deÿi.iions. ând to prove their cûmulative châracter.
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TIIE CIIARACTERISTICS OF BIOLOGIC EFTECTS Of,' MICROWAVE§
COS{BINED WITH TTIE ÀCTION OF SOFT X-RAY IRRÀDIÀTION AND

IIEAT

K.Y. Nikotoÿo a tl l.P- Sokaloÿa

Labo. o.der oL |le Àcd Earner Institote for Scientific Research IndGlial Hvgictre md
occuparionà1 Dhcases Àcadcmy ot Medical Sciences oI üe USSR, Moscow, IISSR

Under ùarlrral condiiions, miorowave iÛadiation is often accompaded bv oLher

Iastors in the industrial enviromeût, §uch a! X ray irladiation, ùDfalourable weather

-onon on\. no'.e dnJ o\,ccomoourd\.
Siudies ox the chæacter of the biologicâ1 etfects' resulling frôm such combined

influences âre importânt for the sollttion of a number of hysienic questions, ând lor elü

cidâlion of the role playe.l by the accompanyiDg fâctors jn the etiologv of pathological
proceses occuring in those working wilh sHF eenerators.

The first pùblicaiions on ihe cornbined àction of microwaves and ionizing radiation
appcared in the early sixiies (4. 9. 14, 13. 17)

ExDeinentâI siudies by American aùthors (13, 14, 17) provided if,teresting da:â

on chânses in sensiiivity of the orsâni§m io micro!ÿâve ând gmma irradiation, depend-

ing on the sequence of action oi these f:!c!orc.
The present commu cation pre§ents the rcsult§ of experimetrrâ1 studies on lhe combnl

€.1 âciion of microwàÿes and low enersy (soft) X-rav ifadiation. §ince eülier inÿe'
stisatioû! (7. 15) showed rhat eleclronic eqùipmert lvith an effective vo1!âge of Ài least

l0 kV- ùsed in SHF iüta1latrons. co!]d bc â §ource of X ravs.

Biôlôgicât effects ôf the combined action of 10 cm microwâve§ and X rav iÛâüètion
with E"r = 13 x 5 IGV ere studied.

Ir oiir work an RUM-7 (RUT 6t!-20 I) instrument wàs the source ot x ravs

with an mode voltàge of :0 kV ând 0 3 mm Al + 0.5 mm ofgânic elass (the bottom
of a case) filtration. The dose râte was resxlated bv means of changes in cuirent. and

.losimetry was carded out with a KD_IM condensor do§imeter. Irmdiation of aninals
was peformed esleniially irom the abdominàl side.

Â 10 cm wavelength pul§ed microwave geneÉtor was u§ed The power densitv of
irraCiàtion was controlled with â PO I apparaiu§.

Invesligalions carjed ôùt at varjous powd densities ôf SHF currents aÙd djffereni
dose! of solt X ray iJra.liâtion made it Posible to estabLish a re1âtionship betweet lhe
chèracle. of biological effects and intensitv of aciion

It wâs lo!trd thrt the combiæ.I action of high intemitie§ of microwaves ard of
eoft x-rays was synergistic (by §ynergism we mean ihe effecl clo§e to, or some\ÿhât

exceediDg. summation). At the samc tjme in ihe clinical picture lesions câused tlv X ravs

were pre.lomi&nt. 'lhùs, ùpon combiûed action ol a si|g1e dose of 2500 r of X rav!
.nd 15 mifl daily ifladiâtions \ÿith 4C mv/cm, microwaves for 6 §'eeks, the clinicâ]
piciure ot the affected mice wa§ thet of dcveioping tediâtion sicknes, as manifesl
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by changes h body weight, lôw Jeùkoc],te count h the peripheral b1ood, progressire
.\:n ie. ^r,. and de.rLd{! {e;ghr or rhe re{e..

'lhe hÀtologicâl examinâtiotr of the tèsticles revealed severe morphological changes
testifying to at ophy and dystrophy of the semi ferous epithelim. According 1o

a nmber of parameters, the IesioDS Iôilowing the cômbined .rtion
thâ! those rcsuiting lrom X.râys or tioomves applied singly. Thus, wilh the comb-
ined aclion. the death rate of ânimals wâs higher, the loss of body lveight was more
mârked the slin lesions occxrred earlier and were more eÿident. atrd the decline in
number of teùkocytes iû the peripheral blood was lnore pronounced (Tab. 1. Fig. 1).

This enabled the corclusion lo be drawn thal the action ol high intensities of nicro
wàves coùlied with that of soft X-ray irràdiarion was synergisric.

' Tablc 1

Readion oI shite blood cells and morlâliiy dùring ihc cx!.rim.nrxl !.rioc

10886 i 412

11190 :t:1,1,13

3071 - 588

7150 i 514

51AA i 226

123456

Fis. 7. Châiges in bod! weight oI ÿhile ûi.e {2500 r. 40 û$'/ mj).

Hoÿcror, of the greatest practical inleres! ÿere the charâcierjstics of lhose bjoiô-
gical lffects \rhich resulted from low iûtensjties of âction, close to those of actual
indislriat cordiiio!s.

:6 ,/ ,1""i^,,,
\ /n---" / .+r,< po,s

t..'i,1'..
, -[' .'
i lj"

l
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It should be noted that with the change tô low iotensities, the rcle oI microwave3
becâme more conslicuoùs and tlÉ manifestâtjon ârd rep.oducibilitÿ oi the "amrrliiica,
tion" etfecl declined.

The followjûg are .esults oI studies oD biolosical effecis àccompânyins the conbined
action of 1 mw/cm, lor t h ùily atrd 25 r q,eekly. Under conditions of repeated, long-
lasting. chronic eaperimenh. jnveÿlgafions $rere made of the changes in body weigh!
ôf the a ûals, the peripheral blood, permeabilitÿ of the blood vesels. imm,rnôbiolo-

s

p3É

3 ::,l

32

!2

124

110

90

80

23456

EIPOSL]RE, MONTI]5

i/ - ''- ee's

l:[ .i
12

123,1
EXPOSURE, i!ONTH5

ais. 2. chaûees in bodÿ weishL of *hile ûice ànd ir perilhcrâl blood parameters of shite
mts (l m$?cm:, 2i r Der week),
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siqJ reectiliry, fBnctional stàlxs of the cenLrâl nervoÙs svsrem (the lâbvrinth ànd EEG

;etdôCs), §/eisht of the te§ticles, reproductive Tunction of n1ales. às we1l as histological

Fichres oi thc crgms and tÀ$!es of the iÛadiated ânlmâh'

Analysis oi the collected datâ showed that the combined actiÔn of microwaves and

sofi X;ay irradiàtion et tlte ]eÿel of low intensities was goremed bv biological laws

whicb liiliered from those prevailing at high inieffitie§.

U.der con.liiiDns ot the combined aciion of lor iDtenrilies no \reil_defined inlea'

siticaijon of bjological effects was ob§erved. According to a number 01 parmeters ihe

observed extent oi trr" ctr."g"t 1ÿas close lo that ch acteristic of ihe f1ctorc applied

sitrg],Y.
ihe pattern of the reàctiotrs in different organ§ and svslems was defined i! §ome

.. .es n Lhe acLion ol r"Jio\dre(. dnd ir orler' bv X -a\'.
qccu'.orr e ru qeierr chd6.. doo Ll'e perip,eal blooo prcite lhe Srolp' ol 'dma '

acteO upon 
_witn 

the combirc.l agents behaÿed in a wev ânalogous to those subjected to

n'J'ô '-.. ;a3o,"Liôn .,lo tr (I-ic. 2l

Fol1o1ÿing the combiIled acrion. jn a numbèr of experiments dBring sepârate period§

of observat]on ihe animals lagged behlnd in weighi saiD. we could otrse e 'n anâlo_

goxs effect also with isolated radlofrequencv iradiation, and itr none of the experiment§

were significant diÎferences troted in this pârameter between the gror']ps'

In ihe peripheral blood of animals chdges were fourd following rhe combined âction

of nicroivavis and soft x-rays atrd took ihe form of lowered Ieukocvle ând ervtlrocÿe
counis dd increàsed reticulocyie nuilbers. verv much like those accompanving isolàted

microwâve ira.iiation. Some differences noted betweef, thete groups itr indiÿidual
a rute, transient and poorly replodncible in repeated cxperiment§

Related to the actioD oî micro§âres wâs. markcd hvperplaria of rericulo'ndolhelial

eloments in ihe liÿer and spleen. ot lymlhoid elemeûts jn the htgs. and o1 mic'ogliâ
in ihe l.âin- as well âs mânifeslâtiôns of irritatiof, of the receptor appda!ûs of the

skin ând a decrease in ribonLrcleoprolejns of the epidermis and its dedvatiles'

The secoDd fâctor of ihe combination' X rav irradiatiolt. determircd the lowered

welsht of the testicles, itrcreased aasculâr Pemleabilitv and' as consequences of the 1àtter

det;table upon histolôgical êxami@lion. an nrcrea§ed conteDl of mâst cell§ and pleltno'

cvter in the_sùbfltaûeous tisxe. of mast celh in the connective tis§ue ùrroutding ihe

spleen, anii or iron-eontâiniry piSment in the puLaonâry ],vmph nodes and splee!

(Tab.2, Fig. 3).
Fina11y, the reactions of a rurmber of orgens atrd svsiems utrder conditions of com_

bined action ÿere determined by bolh micrcwàÿe and X Év irradiatioû'

Weight ôf lesticles in lercèntaees of bodv wejsht oI ûicè (1 EWcÛ:,
25 r P{ ÿceh)

0-61 i 0.03

0.47 i 0.03

0.51 :L 0.02

0-61 - 0-02

0.51 : 0.02

0.45 t 0.015

0.45 ! 0.02

0.58 i 0.03.{
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Iis. 4. Chanses in indicâtors of imûùrobioloeical reacrility (1 r'!v/cm:, 25 I pe. week).

ris. J. The sLate oI !ê\cùlar perûèabiliLy (i m\I/cm:, 25 r !ù rrc.l),

Thus, duriDs studies of immùnobiological reactivity over a leriod oi 6 monlhs,
\,arious chanses in the phagocltic and digestive functions of neutrophils, and also in
rhe bâclericidal pow€r of plasma, were obseNed. Durins different leriods of the siudy,
rhe conseqûences of one or the other factor predominated. As to their inlerxit\.. the

--.----=----. -'f i,''
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Etlecrs oJ \1n,a\tatcs a d soh xrdr\ 63

changes .læ to the combined action were in disiirlguishable from rhose observed fôllowins
exposure io thc sepàrate factors (Fjg.:1). Ir the testes. folloviins lonA periods of âction.
marked dystrophic changes in the seminiferolrs cpithelium \ÿere Cetected as eijcrte.l
predomimidy by X-rays. They were àccompânied by homogedzÀtion and irteBtitiai
edema beneàth the capsule end prolifemtion of the inrerstitial elemerrs due ro micro
wave ùradiation.:ihe p.ocess was focel jn character which might alparently explài.
lhe lack of more pronounced changes jn reproductirre capacirv of the êl1imêls bv com-
pd..1 i'll rne 1ll. er.e ol â §'irie 

'd.io..Thds, the biological effccts.of the combined aclion of 1ow-irrcnsiry microwa\cs
âûd soft X-ray irradiâl1otr sere cheâcierisric of both the former and rhe ]èrter iâcror.
No clear-cut iniensificatiôn oi ûe biological effecis by comparison wirh those induccd
by the separâte factors iyâs obserled.

Other invesiigators (5) came ro anàlogous conclusions while srLrdyitrg thc conbjncd
act:on of microwâves of 12.6 ùn waveleDgih and X-rêy iÛadjârior of Er: ôf 73 and
l0 LeV.

It is true that son1e authors hale reported that functional changes of rhe cent.at ner-
roùs ând ci.cxlatory systems rÿere somewhat more pronounced in people \ÿorking un.ler
conditlons ol the combined actiotr of SHF ând X-ray iÛadiarion rhaD in worker! sub
jecled mainb. to ihe action of microwâaes. Ar ihe sme rime ihese àurhors norrd thar
rhe changes did ûot exceed the range of physiological flucruâtiors_

Atrother combinaiion of factôrs - miorowayes and hear - is equally jnrerestjne
lrom both the theoreticâl end practical pcinrs of ÿiew.

There are data in ihe literalure about more pronounced changes in the healü siatus of
people sltbjecied to micro\ÿale irradiation under conditions oI tropicàt cLimaie (6. j0).
American invenignloN (12) observed that. following the combined acriotr of micro-
wêves ând heat! §eight los and susceptibllily to microwâve irradiation in dogs wcre
n1ore pronounced- Some euthors (16) deem it necessary io differentjate rhe safe exposnre
le!€ls lakins ilro âccourt a temperature factor.

'We studied the biologic effects of the combined àciioû of i0 cm microwaves a.d
high air temperature. To create the temperature condiiions æedèd. use was rnadc ot
a chamber with hot air ÿ1pplied b,r, :. heater.

As in the case of combinarion with ionizing radiaiion. bioiosic effects were found
!o depend oû leve1s of exposure.

Tâ]]le l
Sùdvâ1of aniûâls in SHF fields es a tundion ôI anbient remlcrarlre

('c)

40
22
14 106.5 i :1.5

41.3 I 3.2
111.514.?

Investigations of the su val ràle of white mice ând rârs shoÿed thât rhe higher
the ambient temperature the mor€ Épid was ihe dearh o{ the animâls in SHF fields
1l"b. 1).

28_l : 1,8

63.3 i "1,6

40
20

30
30

60

6o
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6t K. f- Niko aÿa .nd I- p. Sokotora

Thris, rÿith a reduction in temperarurô tiom.+0?C ro 1.1,C. rhe durâtion of tite of white
mice, irmdiated ât a po\ÿer densjty of B0 mw/cn: jncreased ftom ,S.tr l.E.-i;
106.5 14.5. An ânalogous remlt ,,lâs obtained jn rats. A snnilâr obfnation ha;;; ;.ord.d in the literature (i1)_

An "rar..', o. rD. :Èermr'reJc.io.. ôt uhire rdt. s I (.d,ge. ;n irro.ar:on.ond]-
tions showed that. under condirjors of jmpaire.i heat emissioû due t" fJ;.;;i;;;-
pensalory mechadsmsj the bod!, temperarure jncreased faster Ltnder the combined acrio;
ând câu5ed an eârlier death of the animals.

The srnercis.1 ol acrion of mjcro$âves and hear \las cleariy evidenced ât ihe jnren
sitÿ lovel of l0 15 mw,rcmr and 3E 40.C. Experimenrs p".t--"a *."f"" .t"_À
rilat a sinsle exposure ro rhe combjned action at these int;nsities r"a t. . -oi" p.*ror rceJ lo{ o. "lr.i.r,e..rr.rce rt _. to'toiilB.\pô.r.e ,o n:crosdvà or remne-'.,ll.re ,o'e. Drr'ûC cùoD:c e.ner'nelr§. rre \Èbe. ,, nOer ot -eirrorcemen,,or

r. .\e. ol . .._. ,e- \d re,t ed tv o" 1t !\po.u.e ro bol I facro,..I! Éts unde. cblol1ic exposùe corditioûs a stronger triologicat effecr was notedwith lhe cohbined action accor.lins to such indicar*i", -"tgr,i "h",g". "",i;";";l;
_srJe.ot rlehoelcL.rrcdcJ.ir)oi.c.ô.Lbi.n.t.owedr.1dr tlC ertecr, rolol\,D!
'l-e.or',reJ dc'o I o \Hl, .bd lea. se,e or rbe,Jne Lt.racLe. 

", 
,h;; ";,.; ;;

SHr o' ,e. .lore. br. c\.eed.d Lt-e,"lje n !c\e! rv
\ÀE 1ow û.o.e o.1 ro r\e cororred "c ron or treai 1rd lo*er rlrer.irie. o.ricroqa-

ves. Results of inÿesrisatjons on rhe combjned action of micro\ïales _o rre.i or
: lt: ..,.," ,0.. ir er $.,e.ne!r..er. - I o e . ( o I .r i | 

. 

o n , ô chJo.,c e\pô.!tr;
h3!e been reDorted f2),

The author found that previous micro§,ave irrâdiêiion inüeâsed the sensiiiÿjtv ôf
white rârs ro thermal exposue âs evidenced by a greâter rise in recral t";;;.;i";
a reale!. Loud1, rc_red$d 1uïber ot e^rhrocrre,. losered \.coj.l)..r,il" ;toJ,
cecreâ,eJ Tercer oee.t Drceruir -dL..ld 

"\.rdje,i/e of rhe Ilrer. aro toqered §eBhl
coefficients of the liver and spleei1.

In rats exposed daily for t h simulrâneously to rhê combined acrion of microwaÿes
od le. cL orer§:r. te\e', o I r\À cf? a|J l. _rsoc oe:r.cr:sale" ur ror"" "":rdrc" or,: lern_r re.Lrior. \erstr ctarsÊ.. îmu.ooiorosicJ ,",i,,i,r, Ur".l-p.._

surc and cholhesrerâse âcrivity of blood erythroclr
Analysis of the resuirs sho,wed thar rhe combined action at low inteDsities s.âs

charêcteriTed by the absence of c1eâr cut iniensificâtjon of biolosic 
"ri""t, r,l_-."À-

parisoD with eapo re to microwÀves or heat arône. and rhe pr;ence 
"i .*oià-,

chdacterl\lic of either of the facrôrs.
A. increâse in body iehperarur. of ÿhite rats fotlowins the combined exposure didlot erceed thÀr resuhing i]rom beâi exposùre atone. Àr the *-" ti-". r.ri." t. +"

iniriâl_ temperature airer cooltrs at.t-6.C for t h was faster rhan in animals sr]b-
mitted to microrvaÿe jrradiation atone. while rhe pro1."s"d i"fruel1"" of i.";;;e;it;;
some rlowins of the process of recover)..

-Inÿeslisaticbs of immunobiological furctions (phè-soqrjc atrd digesrive e.tirjlv
:r ,cL.rcp\,\. brc,tr:L:da' r"ooe.Lt" ot .td. na. ,h; -1,,e ., ,.,r*i.",y n..*..".rrdned ,or noart. -1d .r rv.d ). d,d r.ro.o rg Lo oi,te,eor iro.cators the changes fo1loÿ,,ing rhe combined action were 

"tth". 
.f ,",,-t.r;;;;; ;;;;or dalogous to the "rhermat,' rype. At rhe sâùe tjme no significant atff*"r*, iii,T

daia on the isoiàted èciion of eèch of rhe facrors were detecred.
An interesiilg 

_ 
resùlt \ras obrained upon investigatiilg ihe btood pressùe. Simui-

tâneous combined eapoiure elicited increased arrerirLp*.ir* -"r"g*-, t" üri .b.;-

eFFÊê.r-s { HeRrfH HAeAÈsS

^774

l,.n{O - BadLêq;c- z,€ {-1io?§,.,,^ ÿÉ R*Di4iiap



Etfc.ls ol tti.rawdÿ\ an.l Solt x+dls 65

ed $', I rherr-l e\po.ure alone. Ho've\e-. lurcr;oùâl load'og 0lhe form ot iolrdner'_

toneâl jnjeciion o10.1% adrenalin solùtion (1 ms pe. ks body weish!) enabled detection

of a more prooounced increase in vÀscùlar tonu§ in the case of combined exposures
(Eis. 5). Thus. according to inùcase in blôod prcssure 45 aEd 60 mitr after injection,
lhe ]âtter groùp difteréd sigûificânuy from the "therrnal" one (p < 0.05)

TItlE AFTÉÊ COLO TEST (iiÔ)

... aolB\Ei

'HE,IT

saa( 15' 30' t5 60' mù
CÈ'L]ND i]'4E ÂFIER ÀDRENÀLi'] N.]E'iICN

aig. 5. Results ol fûnctiolal 1es1s (1 nwcm!, 38oc)r a) æstorarion of bod! têmlerature
atter cold test, b) chanses in rrtcrial lre$ure ùlon â&enÀ!n irjection.

Nlore pmnounced changes it !âscuIâr tonus followins combined action of microwâves

an.l heat ÿerc validated b,\, data (8) on breakdown of adaPtation to infrared rays and

ele!âie.l âmbicnt temperature under lhe i lueùce of microvaves (wavelength, 12.6 cm:

power demity, 1 mw/cmr): thermat exPosure folloÿiüs microwàve irradiation resulted

itr chaùges of àrierial pressure irreslective of the number for such tests.

The presence of such effects points to the Decessitv for îurther âccumulation of ex_

perimdtd materials. Particrild àitention shoù1d be paid to those svsiems providiEg

ior resulatory and âdaptive fuûctions of the orsanism (ceûtrâl nervous' cârdiovascular

and endocrirc humornl sYstems).

Depenalence of the character âûd sèlerity of biologic effects üpon the intensitÿ and

sequence of action of faciors hâs been described itr the literature for combinatioD§ of
microwaves with redLrced air presLùe (8), ând also for joini âction of other phvsical

aDd chemicai fâciors (1, 3). This sussests thâ! in order to elucidâie the character of

"rf
120:

,::i
q0l
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66 K. r- NikoDl'd 4ru1 l. P. sokolôÿa

the combined actjôn of fêclors one should not limit oÈeself to à single level of âciion.

Intensities employed in experlments should be determitred by practical problems. lhe
solutiotr of §,hich was the aim of the preseni studv.
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INFLUENCE OF' MICRO}YAÿE RADIATION ON TIIE
IIEMATOPOIETTC SYSTEM

P- Cztrski, E. I,ap ckd-Stohka, M. Sickiet.riski oh(t A. SlotaÆka
Dep3rrm.nr or LIumdn 6.ûeli... Natiolal R.\.,1\..'i.1a r-.i, e o {,,;;i-.'iI:r;1. i,"i:,..::"1ï.,':,,,-"l.l,iJri::i ," i ")J l;ttilirarÿ Medicai Àcâdè,1,r, \!ù!$; potand

À reÿiew of the titerarure (see 3, S, l2 lor bibijographie, demonsrrates that acure mi_rr) ir.4uce ja,r\eI.t îËe, ir, rt: p., ,r...,bt";;,;,:.r;;;r;;.ûeDt on e^po\rre ( rnditions tti(td itrrensirv
e ,".,. n,,'b.;,n:",;;, "i ,,.;:;Jl;i;, b';": :ï.'i,:i"::l î:îil.y:.r:;':;:r... re'. "§ 

qclr d. b) o:.rracen er ot LudJ \\_j-r. Di,e-Beor repor, 
", i" " Ë",, ;;æpeJ ed e\pcrüce\ \r. tn rhe.a.e ô, ,o.e.,e-m. roq A"." 

",p..r," "r"" ;.,t.,,,r"::4 ( 'J(icJ ro d.t.st. Je.1".e'n kBr .ô,r.\:rJ r pe,:pie.ar t,.1,..;;,;.i. ,1..;:',.'.-ôr. \r\er rete\ legcr \c .eDo.r. \, !\\.1e ,tc t"cl oi eftec; 
" "^;":r.. :rri(), 12, 14).

. 9q, " ,." 
.epor.. cooLei, :oe n,-rÂsJ\( e, rcr\ o! ,oe fer,upo.e rc .,..,.. r 5eIzDd h(n. opokt,c lulL.ôc e\(r. fho,e o \trL,d(!on ,tO lr. O.r,".l ,fl '11

\liro.r.,ol .ei â,J \"êr ,rt.\ !ujJne, .io.,d be mer, ooe.j. à.,:;,, :; _;.i ,;'

.II]TRÔL I ]]

ris. /. l.e (\pe,rm., r, -.c lr,. .c. § ù. e?c,4cnr.: ro.j rt p_ôLD\ andr..,di. on co"d.roi\

loDg term, low-dose exposue jnduces srimutarn
]rn,h .ode" 

""d 
."1;:;';i,:î;," 

" 
;.";l;"ï :,::lTi:iîl:; lll,ll.iiï.xilîJ;-uctear structue ârordties rnd ahe "riô;. "fhb{ c ceu ;.;.',i ;;;,;; ; ;;:,:,i",;;"J il:l l:,1ï iî.::;:lï.i:.,i}:*, îroo ûrerdboli.n ol -epeareJl) L\po.ed Jos. ard .tônenirs 

", *O *l t;f" ,i...,.-.,,,D \,eq or,hj\;,."e,ed ,nere.ùùe ro 1vc{.Êdre *._",, 
" .jr".i..i". ,r.i 

,ii.rn.
.11ic and reü celt »srers. The arm of this I*0,"g. .r ,*";i ;i.. 

"; "i;; ;; :'.::;,:.'.: "',ji :"":::i ::i:..' 
." ',* ,,
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6§ Lc.cÆkiûnt_

In the first series of à(periments I grclps of rabblls ÿere *posed in an anechoic
chalnLrer to 2950 MHz pulsed 0200 I{IIZ, 1 tr, or CW micro\raves ar 3 mwrcm,
2 h daily for a ioral of 74 or 153 h, a 4!h gronp oi animals serÿing as conirots
(Eie. 1).'fhe iràdlaled ânimais ÿere resrrajned in plâÿtc caees and placcd wirh heâd
direcled to the source (horn,anle[nâ) ù the far fio]d zone. Controt temperatu.e
measurements al larioLrs points of the bod). ir yet another group of enimai§ did noi
demonstrate â temperÀture rise ôver 0.5'C after rradiaiiôû. At the end of the iÛadiatio!
perjod 1.5 $Cii ke body weight of 50Ie citrate was iDtroduced into the marginâl
vein of the eer and 100 minutes later the firet blood sample was wjlhdrawn for hema-
tolog:c and radioâcli\ity determinâtion (Fig. 2). Using routine merhods ferokinetic
irdices ÿere calculated. Thc re$üts obtained are described tn more detârt else!ÿhere (5,
1l), but rhe principal fiDdings are llluslrated on Ficlres 3-7. Sisnilicant difference§
betweetr the cotrtrol group and the experimeùtal groùps $rere demonstr.ted.

BFFORE 
59Fe 

ADM N SiRÀT oN
8oIE i'lARR0W Bl0PSY, l0 mt
BLCOD tt I I]DÊAWAL (Hi,Hb RÈ',

0,15, rÙ,60,r20,24.i.3.i3 M u
r 2,3.,1 5 6 i, 3 3,10 D1ÿ!

iis. J, Radioâcriÿiry haTf-tiû3

o\T:!L I t!

1fir. J, Radioiclirit! hdl-lim..

Perhaps the nost interestjne findine is thÀt 74 h of exposre to p! §ed microwaves
(sroup l) nlduced much more prônounced effects than exposùre to CtV (sroup r)
of the same du.àtion, the differences betweeD both these groups beitrg highly signiticart.
On the oiher hand 158 h eLposu.e to CW microrlales (groùp Ul) lnduced very simi
lâr etfects to ihose of orposure io puised miÙowâÿes of hàli lhar dur:itiotr.
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hiluence oT Micrcÿaÿe Radiation on E Hemaiapoietic SJsteû
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Fig. 7. tercent eryLhro.rle produ.tiotr.
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1l
h1llueîc. ai Mictu)nÿe Radiotia on the HetnataPaietl' stttent
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slngeneic mice were subiected 10 a siDgle erpo§ue (4.m. or p.m.) ând exâmined dLrrnrg

I cônsecutive dâ-vs beginning 23 h âfter the termination of iÛadiation (Fig. 10l lt
wâs rea§one.l rhat if in reality microitaÿe expÔsure indnced cbânses itr lhe circadian

,ii-fihm of bone maüow ce]l milo§es, a disturbaflce resemt]lirg â decâvire osciUâiion

should be obtained. The resulis confirmed the expectation (Fig. 11). e diturtrânce
intheamplitude.ndphaseofthemitoticrhvthmofceilsbelongir,gtothe'stemceli'
càtesory bdng lesponsible for the observed phenomeDâ (Fig. i2). Once nore §istrificant

oifferences could be detected in the rhlthm of cellulàr divisions in the preruEors of
granulocyle§ af,d red cells.

The third series of experimenl§ \ÿas aimed Àt quantitation ot the reaction of ihc

Iÿmphocytic system

NSA iiL':, 5J PER CROÙi

: :01 Èz lLr :l :r! P: ul

rar .,) 2l
;li

aig lJ. The .aperimenrxl slsiem ùscd in ihe ihird series of eapeûlents

ais -l?. Tle nùûbel of ântibo.ll pro.lu.i.g cells in ih! l-rmPh node§ of conlrol ard it'adiât_
ed micc (dired Jcme's piaqN tchniquel

Syngeneic mice were irradiâted for 6 or i2 weeks, imunized wiih sheep red blood

cclli and rhe serBm hemagglutinh letel. as well as the number of ântibodv prodrcins

cells in lvmph trode homogenates, determined usitrs Jerne\ drreci and indirect llaque
technique5(9).TheexperimentâlS)'StemispIeSentedjnFigure13,there§ults
I.jgures 14 io 16. Differences between the cottrol group and both i adiaied groûPs in

û; course of the inmunologic rcacljon are clearl)' §een. Thh indicâie§ that the mlcro'
waÿe expôNre âffected the l)mphocylic §-lstem of itnmutocomletent §c1ls. Addilional!v,

\,.rr.{o - B aolêéi;c_
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it should be stressed that per;pheral blood tymphocÿes of long term, to\v-dose irradjar
ed Ébbits underso ;'spo,ltaneous tymphoblattoid trânsformaiiotr,, wheû cultrned l,
rir/o in â lroportion dependenr on the lotat exposure time (6). AII llæse observaricns,
à! r'ell as those of Sto.lolnik BâràÉskâ (this volonle) seem to indicate . peculiar suscep-
tibility of the,_lmphocytes and the tlùphocytic slxtem to microrvave ra<liation.

No explànation of the observed phenomena matr be otfered ar this time. The môs
iienificant iindings should. hov/ever. be poinie.l outl

1. Differences betweeû CW ând pulsed micro\ÿale eftecls ai the sme wavetÊnrrh
i 'o rt e'dge pouer ! e a \ rr Jri. t J comfârâh'e L \p,. c-e .o ,o r "r. "e.e rter,o,,, _ie.t
o) iror ne.bo i.n {uo:e,.

2. Differences between microwale eftecis on the cncadian rhrxhm ôf nriiôses ôr
.rU. be'or-i.e.o \"rio.' ner-ropoiet.c cet ijne, we-e derol.u;,e.1 rd. ï"y \er.e
io stress the importance of tâking irto accounr rhe physiologic properties of cets, tnÿ
ues and organs, when iDvesrigating microwàve bioeffecrs and ihe danger of generaliza-

3. The âbole results ard numerons reports in the iilerature poirt to rhe exiÿence
of easi\, demonstrable and eâsi1y qùanijfied miffowâae effecis on the tymphocyre
ald the lymphocytic sysiem. It is the auihorÿ feeling that this celt is a convenient
rnodel for fùriher sludies of micrô\rave effects at ihe cel1u1âr teve1. posiblv reâdio.s'. loe I'rp\oc,r'c 'rsrem coLld be ,.ed ., oe'.1o. a Lriotogc.onpar"r .e rroer
assess miciowave biôeffecis jn variôus tissues âûd orgaff, âs weu as under verious
erposure condhions.
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IIÀRMF'IJ-L EFFECTS OF MICROWÀI'E RADIAIION
ON THE BONE MARRO\Y

K. YaBi, R. Ueraru1. S. Kulohme, N. Einmi e, H. Ilo atld' S' Utnehatu

III"d Departmeat ol Inteûai Medicine, Tôk'Io Mcdicd Collcec, Tokvo, Ja!'t

During the second orl.l war. the Jâpanese almv studied the biologic effects 
-of 

mi_

trowale; for ue as a death rav ând manv hanrful effects were observed (9)' but

all the results of ihe stLrdies were destoved bv firc jmmediatelv after the end of
the war. Àfter the war, houe atrd Fujino (3) studied the effects oi miüo\ÿâve ra-

aliaiiôn of, peripheral blood cells. Umehar. (i1). one of the co aÛthoÊ of this repoJt'

studled the biologic effects of microwave radiation on severâl organs of e]rirca Pigs

an.l reported tt ai microw,u" râ.liation inaftrced a §erous alergiclike inflâmmâtioû jû

.-r àrr.n., \uL\ d\ ',e Ùter. J.e§ tud'e)§ 'reaa a''l 8a'rroiDLe'riba'rrdcl The'e

'êv'1,, 
sere reôorteo;n \Dnol {Lrd RrdrooÈi(â" ir laiO

On the bâs; of the results of the studjes, Umehda recen[v s!€criàted that micro
q,aae radiàtion might ind!1ce a serous idlamnation jn the bone marrow ând resÛ1t in

ânlâstic bonè marrow. ID order to prove this speculation' the author performed an ex_

periment to observe whât thanges occLrüed in rhe bone marrow alter iEadiating oûe

femur of rabbits with microwaves (12).

It was proacil by this experjment thât ân âplastic bone marrow developed after ihe

-i"-'*ve e*p*.fe. r"rtlrirmore. Uevama .lesisned ân experiment to lind out wheLher

coriisone \ïouid prevent the development of apiastic bone marol{ afte! the microwave

exposure or not. These re§ults are the subject of this report

MATERIAI"§ ÀND METHODS

Young ÿliite male rabbiis ÿeishing about 1.6 ke ÿrere used in these experiments

t,lrb. ll.
The micro\rave 2450 MHz (12 cm) continuous nicrowave generator

and the power density was 1.3 W/cm'. The generator ù§ed {â§ àn ITO_200 Model

The rabbit as secured in a speclàl wooden cage ÿith a hole provided for one leg

to bc slretched oul throùsh it l_he whole bodv otcept the left leg wâs complelelv shield_

e.l with â fretal mesh. l'he distance b.t\ÿeen the antenna ând the leg vas 14 cm.

One irradiâtion session làsted 30 minutes and il ÿas repeated 5 time§ a dav for
7 consecutive days. The histologic chanscs in the irradiated bone marrow were examined

dudng 6 weeks afler the irrâdiâtion
In the group iD y,hi.h the eftectivenels of cortisone was observed. â 60'minÛte weak

irrarliatioi nai marle once dâi1ÿ for 2 weeks '1 ms/ks of hvdrocortisone were injecred

daily for 6 ÿeeks from the beeinning ôf the iradiâtion leriod or were lennimted
immediately after the exposure§.

eFFeca-S { Heatffl lrAê4Èss
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Tabte 1

I{ateri;k md Meüods
1. La!ôrêtory AniDâTs

Yontg White Male Rlbbit3 wcighilg 1.6 kg
2. Microwal,e Ceneratôr

(I{icrorada. MR-200)
ûarulactured bI Iroh Electro Co.

Oùtplt: 150 lV
frcqucûcy: 2450 Mc/sec
$/âvclcneth: i2 cm

3. Iûadianon Merhod
Distance: 4 cû

4. Irrâdiatiôn Time

1\t $eek I lnLl neek

eFFe.-{-S { HÉALflt HAz4ÈsS
À2a4

5W
525

Irtcnsiiy: s Grrorg). oùtpur: 150 w, volr 1700 v, Am 200 mA
Iüensty: w (çeâu, oùrlut: j0 \ÿ, ÿolr 1300 v. Àm 100 nÀ

The thsue temperatue was measured by an electric thermometer.
Hematoiogic, histologic and histochemical studies were perfomôd ùsing rolrline

ls lw r"* s wj;; , ;;
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RESULl's

1. ChâDses in bo.ly weisht: The body weighL of the animats deffeâred grâduàfl), an.t
r'ès lo$,est fron the 2trd tô.11h week afrer lhe terminârion ôf ihe iùadiation p;riô.I.
The Àlerase de$ement ol the bodv weight ÿas 0..1 kg (Fig. 1).

1.5

=t

211.4
ir'ft k5 aFIER:xp0sLRa

ais. 1. Effcct of mi-o\râÿs otr bodÿ wcjetrr,

2. Changes in tissuc Lemleraflrre: Thc temperature of the femoral ris§Lre rose to
39"C witiin the lirsr 5 minuies of iûadiation ând mainiaincd a tevel of 4:..C du.ing
the next 30 minutes (Fjg. 2).

3. Changes in leripheral bloodr A slight decrease in hemogjolrin content and red
cel! cout were foùnd immediareiy after the irradiarion Deriod ÿas terminated. bu!

'a

--21!Lrie:r0
. 

-[]L_5aLE

iNTENSIY:.!

t5 2C
axPas.llRr T r,tE

l'9. l. lero r du,in- c.!..r,-.
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1,,s. 3. Pcrilheral blood chânses altcr e1posùe.

disappeâred in the 4ih to 6th week after the end of the nrâdiâtion period (Tâb. 3,
Fis. 3).

Moderâte leûkocytosis ms obsened durins the iÛadiation (7) and slisht leukocÿosis
continùed for 6 ÿeeks âfter the expos!.e ÿas termirated. A moderâte increase in neù-
trophilic leùkocytes wèe seen during the irradiafioû âûd thereafter a slighi neutrophi,ia
continued durins the whole course of the experimetrt- The llùphoqtes. especiâlly the
smalt l]rphôcÿes. decleded remùkably at the end of the iffadiatior (1. 6), bùt 1ùg€
il,mphocyles increased to 900% of the iniiial vaiue duriq rhe sme period Gig. 4).

Eosinophilic leukocytes also decreâsed düring the nradiâtiotr, but increased to 400%
of the jnitial value by the 6th week after ihe eDd of the jrradiation period.

A progressive deüease of basophiLic leukocyies was found. The chanses in ihe mo,
nocytes were îot sigtrificant.

,1. Bone mdrow findirss.
r. Mauoscopic findirys: The colour of the bone maÛow ÿB fresh red and stroûs

bleeding was seen during and imediately âfrù the iradiation was terminated. The
colour changed to yellowish red in the lst to 3rd week afier the erd of the nradiation
period. At that time, the boDe marrow \ÿas jefly-like. The coioù of the boæ mùrow
chânged further to gray in the 4th to 6th week after the iÛadiation period was termi
nated.

b. Histologic findings: The changes in the hemopoietic ce1ls were lot lery remek-
âble the lirst 3 or 4 days after the irradiaüon wâs iûitiated (5). The most specific
and chaxactedstic finding ât thât time was the appearance of plasma-üke substalces
colol]Iêd pinkish with henatoxylin-eosir stâinins. The plâsma-like substaûces hâd
a tendency to develop dound the fat celh, though they were also fouEd in the ceDter
of the paienchyma. This state was named "saDd bay formâtion" by us. Ii was suggested
thât the plasma like substaDcês seemed to be ân exudâte (Fis. 5).

Seven dâys âfiff the nrâdiation was besun, the exudate ircreased sraduâ[y in the
pareDch].rna âtrd s!Ûoùnditrg fat celh. This findins was caled "perilipocÿic edema".
The sinuses were filled with the plama-like $bstânce and dilated (Fis. O. Degercra.
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Table 3

S(âinjns ot the erudâtc, megâkâryocrtes and btood rescis
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rion of the hemoloietic cells begân ro occur ând btee.ling into the pârerchlma was
seeD. However, in some cases. â diffùse proLiferation of hemocfoblâsts was seeû (Fig.
7). Vasculù chènses such as fibrinoid sweliDs and desquamation of the endothelirm

2 or 3 dâys after the iEadiation period was terminâted. the hemocvtobtàsts ànd rhè
r"r cel', de.,ed.cd: rbi§ $d. asoc'a,ed uirb Ji increà,e ot jhe exuddre jn ibe fdren-
chyma. The cell ârrângement of the parenchyma was disturbed, ard degercration of
the hemocytoblasts and the blood vesels p.ogresed. Karyorrhens and vacuolizatiotr of
the mesakrryocÉes were seen (Fis. 8). Follicutar lymphojd cell inliitrarion becme
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