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The electrieâl properties of tissues and other biological sysrems do not onty controt
the mode of propâgation of electromagnetic enersÿ itr rhsues. Thev aiso tell ûs hôw
elecuorrgieric field, :r,eDct $rrh bioroeic. (ynels aL ÿariors leiet\ ot comDterijy.
I shall firsr briefly summÀrize the raiher adÿanced state of our present knowiedge ;f
such properties. Next I shalt draw some conclusions âbout posible mechânisms which
mây o. may not câuse subtle roû-thermal effecrs. No consideration ÿitl bè siÿen io
Tdsbe ic p-oo'1'e. rjlcc ,Fe lr,rer r-e. fo. ôr- purpose,, jJerricar o ,bo.e o( rree

ELECTRJC PROPERTIDS

The first fisure indicates lhc dielecrric bêhavior oI Drâctica v â11 tissues. rlree
retà;.rior reÊ;oos o. Ê, ï of i rc o'e ec,ric con.Laùr e\\r ar tow. redjrn ard \ery gh
lrequenci€.. Tl.e r.chdriaT, re.Doa.'ble tor rhe.e re8io6 are indicdLed '1 table t.

Inhomogeneous structure js responsible for the ll dislersion, i.e.. ihe polarization
resulting from the chùging interfaces, i.e.. membranes throush intrâ- and extraceljular
fl ùidr (MÀawel-Wâeær ef f ect).

Rotaticn of molecules hâving a pemanent dipote momeût, sùch as warer md pro-
teins, is responsible Tor rho ^/.dispersioû 6vater) and a smatl âddiiion ro the tâit of
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Pt;n.irlts ùf lnietuuian ol l1icrcÿaÿè Fitltr

Electic lcirxltiôE mc.hanism

a

1, 3 tâil

the 0 dnpersio! resutiins from a corespondjns ll1 dlspersion ot lroteins. Thc tissre
proteins only slightiy elevate the high frequency tail of the tksue\ B dispersion sjnce
the addition of the flreffcc! câused b, tisme prcteins is smal as'comlared to rhe
Mâxwell-Wâgrer effect ônd since ir occLrrs ai somewhar higher frequôncies. Another
contrjbution to the P-dispersion i! caused by snaller subcellula. ÿmctu.es, such as
mitochondria, cell nuclei ân{l other sxbcellul oreatrettes. Since these srruciùres ee
smajler ir size than the suÛoùndirrg ceil, their retaràrton freqùenc,v is higher. bur iheir
lotal diclectric in.iemcDi is smaller. They thereforc coDirlbuie another additjon ro rhe
tâil of thc ll-dispersion (pj).

The .idispersion is solelÿ dùe tô §,arer ând jrs retaxâtionâl behavior ai aboBt 20 Gltz.\ rr , u .ddir'onal rc r\a':o:' ,ô. d .pe-'o1 ,. cau.ed . to- hI .J
.id.. .d.r'". o.,,n ot J,rr.eo.'d!.,o pro, t.ro.eil\ dr. ite.Ê.

la.âiion of protein-bound $âter ÿhich oc.urs sornc\rhere be§een 300 and 2000 i\,IHz.
The r disirersion is p.esentl! iÉst ctarified. Intracel]utàr structùes such as rhe rubdar

alrp:t.aùs in muscle cells. Nhich.on.ecr \\drli ihe oulcr cell men1bmnes coûtd be re,
sponsible in all tissucs wLich cortâir1 such cett strllcrures. Relaxarion ot couûier jons
about the charged ceuular su ace js anoirrel mcchatrism sLrggested by us. Lasi bL4 rot
1ea«, relaxâlionâl behâlior srch is reno.t*1 recenu_v for rhe -qianr squid aaon membrane
.àn a.ccuùt for il. The relârire conlribùlion oi rh€ various .I.haLirms vries !o .loubt
Îlom one casc to aùother anJ n.ctls fu.ther elaboration.

El€ctrophorctic relalaricn is the counrerparr of the retaratjon due ro coùnrer iorl
morement. It reruiis lrorn the ôs.illarory movüretrr of charsed Dârlicles wtrh ih.'_e-. 

' -;'je'o. l. a"gr'ru.. c., hê Q'crl"...t r,.Lt :. nrtciebi \ ûJ! ô nolce iJt\
.un r'1,'. e rô rl. J '-r re '. I - . -i,tc I

r - Excitcd mennnrae?
Lrl.ècellular sirucllre?

, Tlsue ÿntrrrre (\l .nst-\\... il

«, - C!ârgc tralsfer (ion .elrIari.û
- Sub.ellular.onroaenls.biolr.!].

ô - Bonld H.O. sidc .hain r.hrl.l

l'lg. l. (]ros ald fine sttucu.rt iclaxador c.Dtibutroùs tu tle diclectri. consrxnl .i mns.r.
rissue. Dnshcd lires indical. line st c(u.ât corrriLutioni, TIc dara ànd \ariôus !irlctuiaL

contributioùs are tlpicâl ior dt lissucs ot hish çarer eôrrcni

Inhorosenco!s Struciurc (Ma$el1-Wasnel)

?ermrnctrl Dlpolc Rotâ1ion fD.bx.)
CoutriÈr ion Rcl.r.ti.n
Elecüophorcric Relcrdon
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15'1 u. p. s.htrun

No attempi is made to summarjze conducrivity dàtâ. Conducrivity ircreases similârlvin severat mâjor sreps symmetrical to the choges .f ,h" ;;;i;Ë-;;;;;:ilii:.lange,arc,n âLcor.i \ÿirh rtc rhco-eticJl Lendod hdr rte râ, o oF crD,cit,*; ,;;.o1d ,crcnce cn-,8e. or edc | .etdj\", 
^r meù\Ji,..r. \ g ,". o- , . , ;J .;:ü,";.jn rhe câse or disL bùrion or lime consrànls, b, ," ü.;;.;i";,;;;';;;;;,:',

I
ô

+T

6Hr

îable 2

Dispersiôn clarâcrqisrjcs ot ce.r.in biotôgic mâreriah

l'lH2
:REQ!ENCY

i'is. 2. Ranges of c!âracterisrjc freqlcùcies tor vâiioùs bioiôsicat sysrems.

lieure 2 indicates the vùabitity of lhe characteristjc frequencies for the various
::,:h31-ï: 1 p, 1 .d è ,rcm oæ bioros cJ ôb;ecr ,. ,,"i,,"i i"..*.pr. -r,,.î
cc,,§ osDra) a sJ4tr o(\Fr\ioo cenLe.ed aL dbo.. , kH/, !trie n r.cie d,D;,., \Fn§lrorc or:ear!. kriz. ræ f,.üspersio! "r ",."d 

l.-;;;- , ;È, ;,i:i;§:
t'ssue nedr 0.1 MH/. C eà-ty rhere i5 co,.,Jer"b.e \"-::I.or Jcpero;ng * .";rrf__*àand other facrors- Horvever the l,dispersion is alw"ys ,r,"rpiy âen "J:.i--rr---* 

",.'
dulmy raree.ard lere_n"r.o, be.,,rrorc a rr,"r,or ir ilc l.rr"" r. ,r"i. 

" i*UE .t rno p orspersron requencres.

Bioloè:c Macronoieculcs:

ôj-?

«+ll+ô+y
ll+Y

«l l:i+7

Ce1ls, free or lr;tcinl

El.ited ûeûb.anês

Trbe 2 dI'er,,r. dr knc eret o.bjoroCrc"t .orp.ex;r, ,he vr..o..,
8:orog,ccr râL-olo,ecLle, ," *".i ,ia ,o ,he ;âLer:. , a;,p".r", :r" i-".r.r,;"cal'ed b) bornd sarer r'.d -or"üng ,ide rro,p(. And ,i;,i;;; ;;;;,::;;i;r. r icLrar cdJ fJ,her d tr-'o ,, in rr. f'. -j ./ -,.c. ,, ,.;.", .; i;;:":i;". ;,
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ttircitler of ltlt.tactia al Uilt.rdt. Fi.lns 15j

.el, lee. t,.ue I $Âr.r tdr.-tdI r \4"\set.\\-g-e-t,l.De,.ior a..o rhe .onÊ ô.Brte..Irrlc\ col,diD n.oe :. ddôi,'vrot L^nrdd,.-. *"..p,t,.*-.,or.i" o.t"polariry of protein is added aad a ô.dislersion. rf ir" *iL *.y'" "j "rrr.g" ". . ."cheiism dùe to coù|lcr ion reiaratiôn; added ald if reir nienb**, "i rr,";-"*"-elax, as sohe excjtrble memLrraD$ do an adaiiiond u ",..t unio- opp"u.r.

sovE co\cl,Lsto\§

Obviounv mùch is knoÿn abour mechafisms rê,rpoEibte for the etecl.i. proper|es
of biô1osic m.rterieh. In a1l .ascs vhere marhenaricat iools cèn be arpriea' ro' ta;itvsinllle shnps âr iD the.Àse oi sdlerj.al cels anrl cven er.yrrrocltei ,r," rr,""i.i"
prediction is prccisely in âgreement wiih the crDerimetrtat dàrâ.lr .d... . 1e . rlJ Joïn (\ . .t ...,og.. .r Lrea.,i. r^.e-.I e.r .-nora.tlr,\e,3eere-t f r .rr.u.jràj'ng,l-or...,, ..-.. r.iereo.
In alv case. our !.esen! Ùndersran.Ling ts sufticje.r tc raûaDt conlidence jtr tho vùtô;s
rnodels chosen. 'l bis is by no means n1canr lo lmlrty lhat there are ro morc !nre§;t\e;
l1rollems. As a nâtter of facr the iotlowing labtc: aLtcnpts t" ."^.r";;r" ;,;; ;i
ihe ÿork which hàs lo be done i| rhe r.uLrre:

Oriein of ô-dispùsion

Extendcld theory of côu|1.r ion rcta{aiiùn ânrl ipFtj.iri.ns i. ùâÙôriojcctrtej and ce]l,
Protein dâta rs. con.enlrùior lbolh Ê ând è); rhe !rrn. tor âmino âcids xùl .æ,cic r.ids
Oriein of !-dislenion i! membrânes (courrer ion udùcriôD_ .èlxrü rô ôr.irârioo, inteiratstrtrdure or chemical rlar.rion?)

The precise orisin of rhc ô-dkpersio. ând rhe retative conrrtburioi of bound sarer
and lolar side chein roiarion requires ii!.itrer ctaijfjcition.

The thcor! ol c.unler ion reldàtion his ,o far b€en dcreloÈcd onjÿ ùnrer fairtv.,-,i.r re ...,r..i. r. r.l I rr te qo. :. .rq,.rôd 
^ .. | ....\. " ...;.-, 

- ,_, , i
connter ions tô the to.:'treqÙencv.ta1à,

The.e âr. slill more aala 10 be salhcre.l fo. anriic a.tds. prôicins ând nu.teic aci.ts,p3rtjculàrTv a! functions of conceùrraiion and ticld 3trengih. M""."."i";"i; i";**l
., .-J, .i ,ooi tt(e L le-d ,,

i:l. u ...d', or..d."... .ei.\..or :f .., r.,.rj.. r,e(.3 .r,c,r"r1e.d'o gd"re. dèr.i.. i c.;ol. oi I'el | . . c. ir orùe, ,o riro o.., .lher. î -rôùô'ec' 1.,- Jr-lec 'c.J .r io. oc.. L" J...e. te p,..:,". ,fll:j
ie, 

.'erji' te e'. J.r") be ".n (. *i,n r I.t.er .. ,. ,à 0""" . r..,i"re.e..rJ rl"r.. p,..'bt ..\....., ii...r .re",r.t.oUe
remole but not enrjrely imlo!5ilrle.

. T.-.r.ô.j,o IFJ rro,, o, ù ,...,1 .et. I e, "ot... r.\,r.,o J
; 'oi. u ,. or, t. r r. e t.-r, 1 -\:l:! ,É'\"'e ..'.€ : ,' -, ," " .. ;.ler.ol r.a\. io.e,(. r,errJdr! ".,ro,...,ri .,...Je. ,.. r, r..,.

it js qujtè posible ihât such work mal' proride nûher jrrish! iüo the larious ivàvs
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;û \hich electric fietds of wtratever freoueicllbli ar,ec b o oÊtr; .i;;',,".." ' ' ' '''/ '"d tu8nrr rde mâ) re\e(ibr) "nd irre\eË
In th€ meantime the paÿ work ând the internât consistence achieved can be suh-nù;ed in some fâirry sinpte conclusions. rhe 

"t"",.r. à,t" .*"""L"ry".",i,riijXi§irb biolôgjc mafter co.sklins oi mrmbrar
,1. .J.('ru,a- ârd e\ ràcerrula. I r .r, , n.,, "'tl. 

i'''o'odiog cao be'ng surouoded br

t 
â 

-hÎ, 
rÊe ;:; "iii;-,: "" 

.;",. ;; :Tll. Ti:::ï,".;::;"',J-:.1: 
":."::::ducri\itie5 rt mrcrosa\e fre{rurDcies are e

b,ofor)mc1 did rDe chùdc erLùc r."., "... 
"'lt-rl) rLo'e ot elec ol)re\ con'dirinc

",i .,;; ;;'; r;-,i:,';: r':;,;::i;;';l:,*: .i:"Àj'ii,i,'":ï:"::l.l::I;ï.
. l. Al l.eqJel(ie. abo.Ê rr-r\e ttd.,c.e1.üc 

^. rhc o Ll.,per"ior a.biotoAicdl rren-o"i_."..|.:::.;1rte cr)cr-ir,eôe,de-tc,n"-,ryoç"|,o,i,,r..,,irir,.".""r"

iiil f:i:i::!: i:ii : : it.. J 
j Ji,:T: I r;;:;.::: :r.*::.; lr: :;mrl.ia .Lr"err d.n.ir. or âoouL r nA oe, . ) ..h .t *, _r",,,t. i. , ,r^ol l0 rrw cn- r)"cct J ul, re.,ri. ): o. ,OO ," lü "r.. nr"1"alrem" rsaerbÉrero,eo,;.ot ontJ.0.15LVi5irL*.0: rr.,."*:,"".itr"rôoô,]"".1i io, r ,000. oro. .r rue.har poLei ,dr. xh ch a-e """.;;j ,;;,;.:;-.ii.i:ï"";crtable membraner

2. All the lroperties reDotud above âre ..

)'l'.r'"i *""i . ;;.': :.',,.ï;;:;: l :ii ; :1î :".1i: ":ï:.::,î:l::;:1:::,rdrDe.'derr ot ;ed s ,.,8.,..r..era.rerrrt te,e.(., r""-.., ii 1"..".|.1 
,.1i#

tture ddrr..\drse ar ,;-.1 rr ,:eU .r.e,uÀ ,.er. ,U.r ,r"", ""_r"."'.,ii ,i.1".ù-e\porJns ro d r)p,c,t cr n- po,.":;t o. -0 nv. i.e. ar ;;;. ,,;;,ül:ol ll-e order ot t00 k\ .1. B'oogic.i nâ-.orot€.-.e.. _Ct"e,.._ib;;;,;t.;:;I o,l, or drr " c't.b c. ô,e r.ea.,ro ro r;e,rt ",.. " _,", ii ".; iilî;:;;, ;;ir' . e.e"s'e. vbch ".e in T., e I b\ ,terr. r co.tr.io1. . " ,,:,.",.. ,i;. il;.,,;].:..do be "ofl,eo uitb -'J J. o ,t.e or.ter o....e,., v . ". ri." "*1.",'i"",.:;.;.;";:1.:Jloe. ,or ild,Jdre aî, po*ib't.r\ or deôa.-r_,ioE br ,rc rie,d §._erBih r".;.""i-,',",",.,here. À{oreoÿer, rhe characterjstic frequen"i". ,t oi"a ..".-u1". tîoo;r,"r" 
"r,i,i"ij:§aies. hâking it thercbv Lntiket for biôûot,

croviare rræ,ie,.i"" ",,!-,_!mers a]ld membranes to respond ro ni,
3. The ele:ric dÂtâ r,o§,n so fÀr are $ùi

eire.r.. d,d,he,e,. 
"" 

;"o-,.." 
";";,"".."*' '''ep,oo ,e:e.,:oD or ,etdy,,'.1

",,",, "... ;;"';"..;. " 

*,,t ;, ; :;.;.ïii i::;t"î: l:;,::îï,§ :" i:lî ït1..hh.,..,ne.i..o,ir) r,.co.,r1highe,orgr".;.;;;;;"".J.:;;/.peot\cr..io-. t t^-,t.errerbr.rco.ld.o,,r,"o_"à.ifr.""r"îalt dâtâ therefore do no! tcnd sulpcrt to the concepr that microwaves maÿ induceresonance errecrs ÿhi.h mâv somehow denân,re ând 
";.,," 

j..";;;j;à;;;;l ,,,".,""

FOÀCE§ CÀU§ED trY EM"FIELD§

w''is r, e bo.ed..-..eJ ete. ri a.o-e1e§ a-o..-er trh:_.ir, :,ro ,e a.oF Jrnteraction ot alternatins eteclric tiet.ls rhèv ,

:r,::' -.v ;. ,;"; '': 
'r;ï;: 

b:'"; "::"ïii ,i'."-i-l,. li;;";;' ;;.";"ficld,bJlà(oâ'.e-rq,.;orescJre\olefurce,s1,.t_11,yorra]."b..t",,,i.*.
The study oJ the manjtenÀtion of the§. forces has been ; **l;";;bj" ;;;#;;a number of years in ou. taboralory. rtre well_kllow, p"_r 

"n"*]".-,i;., "jË".,,ïthe orênrarion of noDsptieric partiiles are some of tho effccts ,,1,ü ;;;e;s.êied (rjg. 3).
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Ptihcid.s ol ltlterdtioû oJ Mictùÿdÿe Fietds

o
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o ,n
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0

tt t' t

Fil,. J. Schemxiic lresenlâriotr of soùe eltc.i: oi olreLnaln}: clccr.jc fictdi où Dxrricle :r.l

h eeneral it may be said ihat sùch îôrces become sistrificant jû compari,on rvjû
random lhemat ones if the ratio of the electric polentiel energy of rhe slslen conside;
ed or its chmse as the observed eflcct rakes place i§ larger irran rrrc inermat energy.
This raiio is proportionat to rhe expresior siÿen in Figure 4 and ihe proportiôna;;

E ,,D STAI]I' FiELD 5TAÊII'TI
F RÀD LIs
K SOLTZMÂN COrrSl/.Nl '

ts7

ÿ/ rHclrl

^ .-2Il

ÿr rH
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I i{. / R,,ir ot -1..c r:c ôu,( i.,, .I.e\ I p,.o he, trere.;j rlDo. rad,icteo.. con
o e\ dreleclnc cobnlDr rpr a.d .-d.J. R ij â ô...dru.n o, .o-ptc\ J etecrric con, dnL I -,

end c{poÈd to â tje E.

constut depeûds on the particulù phenomena considered. For €xample in rhe case of
rl,e moverenr of a pJnic'e ii an ,!honoÊereoJ. tietd. . ned d:e ecrronhorÊ\ (. .L
PoT. rbe proporùo.. iry racror cna""crerizes rhe :1hom.screi.y or rhe f;ld d1o rh;
force generated is siven by

. = rrdep !;: ;'. . ÿoir tElr

.--+r§'+.'
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It js-apparcnt from the expr.sions given that the ltreshold fieid sirensth 10 e.roke

-l:l-:l'::l: i l"ï.tor:!.r .r8e ,Ê.errs.,h!r.e.,,";,;., ;i,;:-::'.;;,';::p3r'r(e e\po(eo. trdeed. l\pi.l leltul , inêr<.or. o, \e ô-J-r of \onc urn .eqr.e
.'e\ \âlre\ o, .e.e-..r .L I eJ .r'. .r. i.e.. \Jt, e. u\;ct b4\e 1,"", ."p"T,"d ;.,',rr",lerqrLre.o.cr\ !rJ".)le pc.- Jro'o tormar.or, 1. . /; ^ri<rr,t:or..,.. O" ifr. ",i.i!11-l-11;",, 

,"e'r't,'"o-e.1 .r..rq\ere.rû,ir rree, ..... ," ,,.,,'*,r". "",.,1. 
o,a ory âro e.po' J ùrn..rlli ,t rte fte,d {-enC t- .. orLlt o, .he orJer or I V cm'rd,Lâr-d,' qr to.cÊ. sti.h a-e c" .eJ b) dt,er,..iqs t.e t. ar" r"L ri "i,.' be.iei.Jr1, ", .re norec,.r ",ra.c,o.cooic.ir,r,:i"."i ;i:: 

-,,;; ",i.,à
slrùsth values are âsumed, vatues whch.re so tarse that rhe 

".".r_r.t,gî".-"j'il-c \ \oulJ beo €.*teldrg. Houe.e.. o1..,..o."or;c re:er rn*e er.ei, ma, *e rwe hâ.c rorlLJ ^.rr ber,re.1.e.F-dt occa.r.1,.hdt lhe hh-nôrr ,.nor i edlnc r..',ed n (.osaÿe . eu. n, "el be e\r,h neà6r,r.. ià,à,,i,.r,_:iii,apllied to rhe middle ear strucrures 
^"flre 

fi"r,r i. i;;;;;; il;;.;.i#:ilTï:
;:i:,-".:l-,:j-"11.J .'err a'c ,c ,re ,r. oL,**"r., r,, .i,",.'
li:.:.i,:ll":, ,rener. o\er'..Lc innonân por.rere.,.rc-jr),r.er.rood.rhi.

'1 1o -o' lrêdrlrior !ldre.. et,.cr, {r h-\ pe"r (hrrr lo ndr'or or u 
". . ,,,,,."., r,"r'l ..1--,-,",. 

""i"ithat of a conrinùous fiejd of the same aÿerâge powe. (;; i;.-i;

:to'

,,'F- -- * --r- -

I

.L l
tl
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Fi3. 5. T!rcshld ot peùrt_clijtr forhàlion as tnn.tion of dnry cÿcte D. Ihc ordiÀare isg,ÿen 

_rn G.!s Df ùè prodrct ol D lrith itrc quère or rhe p"l,r ii"r,r ,t..,.it,.'ii* à"r"proridc e$Èriûetual elidcnce thar tre lheno,rcno" .r p.-t 
"ti"tn 

r".."ri.;;:;;.;,;"#àro â lulsed rietd morè rcadily than ro ; conrinuous fi"ti 
"f ;; i;;;;;;;;;;;';ï::

kâstrjna ând H p, Sctr§.xn_ sutrùrirled tôr pnUti.ortorl. -- . .

In.smmffy: The electric Froperties of biotosic sysrems âre wel kûowtr and understood. This understanding Coes nôt indjcale so tar Àe existence 
"i ""rrr,"rnr"j "iiË"i,ai the morecular or celiutâr ter€1. Érowerer, forces *rtr, """ 0"1",".,i"î- à,',iiàppLication of alternatins fiejds (fietd.eroked r.-"., ot"r""t.oplr"."r].,';Ë;;il;:

al effects as various authôrs hâÿe ierLned rhem) a*** *r.ia*.ti"" ."J *"" î"jrbe responsibJe fôr the phenomenon ot ,,t *_.ing-p,r,"A i"ia, ";;,;;;-d;;:r;:;behavioral effecrs reported jn rhe i to 10 mw/:m? ranee.

Wqo - Bror ^61;<- .,É trio?.o,.,,^vÉ R*DiÂrïa§



-

Ptiticides of bû.ractiai of Micrcwaÿe Fi.trts t59

REFERENCES
Ii is not possible to ûerriôn at1 rlie tuânv hrm.tt1c,.sLmsi./.Jinüepreeornspn.,.td"do.-ete'eôce'îbi.'r-\'b,.hr"êr-.r

lou.!.epc.. ri ,..., ,';:j 
er' r\e rôrovjrs to.', e..r...0-

Electic plôlqliês of cells ârd tisùes:
i COLE. K S.: Menrôrâne Capccriv. nr: L s

' . i+ir,i i; i:'i1,ià,:,ri::i ii; ii;iiil{r+11"" i l.l. l"i lri'*: ,j:,,;':l:" P.À,;,a Lr.'r. u i.",.,,."..n.r c. {. iobid,. A.,d,":;;...
3, SCHWA\-. H. P.i .L Ccl!_ Co,1p. phlsiot., 19b5, 66, 5,

Llecûic lropeniçs of h..roholecurcs:

",.I.ï"1"#r"""" 
c. t. F.: rheary ot Etetuic patari«1ion. Erscriq pùblishins co. Am,

2 }IItf N, E, V{UG}TAN, \I E,, PRICE.
a,,.r.,. \.n'ô..r d. ro.doô. 

ALH" D\\'l \' \t D:"- rt: P,aL ti.
Field eÿokcd Ior.€s:
l. POlrL,11. A, J. Bial p r 197). t. t. wrr\A\ H r. .m n. r o.,i. I _..rc.,,_\o"..ooo. ô t7o.r. \ rt\À/{\. H p.. s , R t.. D.. t recrro.J,ic , t,a-r.a,,..à , ".... rd t\"ir Bi.l*:.J rnr!rrcnjonr I\1 Dt.ttürùphar.ù. and Ft.r... w,. p(^.rd. r.*.-.,.",l_r -"",ï.î "'ili i;:.':"3j,".1.,.. L/ Êr. 

^. 
po,,,.

€FrÊc.t-S 4 Healrt gAe4È§§
4774

V.,t{o - Bror ^aL;<_ .,€ l.!ic-.2ou.^ vÉ R*tiÆ'iaN



INTERÀCTION BET\I'EEN M{CROWAVE AND MILLIMETER.IVAI'E
ELECTROMAGNETIC FIELDS ÀND BIOLOGIC SYSTEMS:

NIOLECULAR I}TECHANISIIS

K- H- Illitlgct

Delcrtûent of Chcùris(.r, T!ils Unirersirt. i'lcdlord, X{xssaclrusclts, t:.SÀ.

II\ITRODUClION

The objective oI this discussion is io treat the interacrioD belween electromâsnetic
radialion aüd the molecxlar comporenls of biologic s:,sterns, in order to deLimit thc
possible couphrg mechadisms with EM fields which may lead !o an alteration ol the
energetics aùd/or dynamic§ of ihe molecLrlâr syÿem. The lâiter is deemed a prerequi§ite
for any consequent bioloe;c effectsi possible interact on! at the systems level, with
a salietrt coupl.g mechanism to forms of biolosic orsanization be-rond the moleculâr
level, are not @nsidered here.

Salient aspects of the interaction between RF atrd microsave ràdiarion and biologicel
sysiems have been sulirma zed inier alia by Schwan (43) àtrd Michaelsoû (3:i).

The subseq-"rent discusion treats some aspecis 'lvhich complemenl and extend their
conclusions regardirg primùy couplins mechÀnisms between ENl fieidr and biologic
systems. The motivâtion for the treatment of certâin heùistic model systems is to
delimit the probebility and to define thc nâture of any bjologic effects *pected to
arise as a resut of these physical couplins mechanisms. The current intràctability of
the theoretical problem, ÿ,,hose physics hâs been sketched in the aboÿe, forces almoÿ
complete reüdce, in the asessment ôf poslble bjoiogic effecis. on empiricâI evidence
ob!,tined fron e{psriment. Am\tis of cxlerimental lindings in terms of a heuristic
moder may serÿe ro corelâie and generaiize the observed behavior.

Although the structural variety of moiecular systems of biologicâi inportânce is
mFiâd, the dôgree oI conrormatioral aariety aùd orgidzâlion implicit in certain model
structures represertative ot è Seneral biopolymer Dray elùcidate ihe general problem.
One such sysrem is that ol the poly o-amino acidsi a model system on \yfuch consider-
able structurai, spectroscopic, and dielectric htormaiion is available is po1ÿ"(o-benzyl
L glulàmate) or PBLG. This molecnle is â representatile poly âmino acid, with polù
side-chains attached to ihe polymer backbone, ând calatr1c ot undersoine â helix-coil
tr sition. It is of inierest to discuss the desroes ol fteedom of ihis complicated system,

ard to rcpresent its interaction with EM fietds.
Characterisric of biopollmeric syslems wlosê helical fomr consists of è concatenation

of polar heücal tums, wiih a dipol€ momeni of 1 5 D pel unit iurn, âre very làrse
aâlues of rhe totâl dipole moment in the helicÀl co ormâtion, oi the order of 103 D
(23. 24, 26). while the statistical averâse of lhe dipole moment in the randorn coil folm
is eseûtia[y zero. Hence. it is erpecled ihat the helicaL form of rnolecules such as

PBLG will exhibit overâl rotational relâxat]on ând couple to ân RF fieldi iuch â relax-
ation proces hâs ir fâc! been found (53) in the rcsion rear 10 kHz, for PBLG of
weighralerâge moleclilar weight of 150000. Fu.thermore, ÿhile rhe detâjled theory
(14, 45. 46) of dielectrjc relaxariotr induced by chemical reactioû is of some compl€xity,
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ljltantti.n betr..r Mnto\r4t.4ù.1itjltit ./tr\r!t L!tttk);,dan.ri. Firtti\ 1nl

lll ,:.r. ... r., re,er r.-;e ci.r.,. .,.r,,.o.J rj.\.,:, ..nr''o1 *l ie,d,, .(-oro.h.or-,,r ,".1 ,.;.- t.,..j.pBt Urh;r . ,,".".;.,,.ftd I \ltlz as orjgrn. th ]rre\Ilreü (+| {nü su

'.,.,".,,t t, ,....,".r^.....:. ; ".:' 1.'".""; J,,"11. ,
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\dlur of rle retJ).JÛL,n rrme \jtt dirtel rf rhe

l:,:rI'..;,:i..:"î";.;î:";1,:,;.. ",, * i. i
[l*l[*ii1,$*j-f*]it'iï,**nï*l,i[i:,t]:ir]j:,:i§
rotatiônal diltlsiôha

overal rorâtion of hctr
sroup-rotâtion of ride chajn,

quasilattice v jbrat jon:

10 l}Iz
1-10 GHz
I Àlltz
l0 loall) cllz
100- 1000 GHz
J000 Gttz

1!-1s
ll 10-t0 e

5 X rO-i

a lunction ol rhc dcgrîc of hetjcit,! ald mot{llar reigh(.

QUASr"L.ITTtcE,tlER{'tIOt\s GF Bl(lpor,.!ùtElls

.-lhe lpo rctàiiônât .ljtrusiùr mecira.is.ls cired atr.vc âre erpecled io \irô\ÿ the iiverse lemferêrLùe delendeDce ot the rliâxetn-{.,,'r,ee..,...,":,"' 
".,1,r; 

";"1.1.'" r"'''e'rcu'.r'',',,1e
I J. , i ', " '" ,.';' .'i.. l,"l l ' 

"' 
l'.;" ,i, ,": ,1 1 1',i.."1."1 î6 lrlrhap\ ire,t de\flFcd ds n r !Jÿtirr Le \,hr-., ,,,i ,,".. ,,,";,..,..."' 

":'. I ;l:: .:.1 : : i, îi1.. l- ,;-

i: ;:i :" ,i.1"""1 "î ::.t.:i- , 
,^ " r.. ( ". . ," ", .,, i:

,,, .r" e.".,,,,".;.:'-',:,"n' 
( r'i're-"'e ',,. b.e'.\?.

ro ne...i,,c, .-r. he,...e , ,, :.,., 
"1..,'", " ,j.." .", ":

nam(b.. rJr srotrp \rbrarjo, s, iÂ\ùhr,rc \,b.rr,§,,,.,...oa,, \.,, .,.;:J. 
"; 

" :,. ;ii" I I ;i 
.; 

"-i- "".1assocrrLed irequencies of rhe order of 103 .nl

" 
,"".;"_. i" ' ' -. L,H ' r,(.r ,b' . .,.

'. 'e. e. -.,*."g..-.,,"i.1." l.,i ".," ;i :.:';:..1 i.:;:'\rants rtr the case ot h).Jrô(en.hon!e.t hetcêr q,0, r. j., ..0,,112 ,-. 
rcr ' l'BI!' \ 0.r '!'1A 1-1-.i.,

",,..;",)"": . "1: ; ;,"";::1., .rl"'.i;,,'"'-.'. ",.
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162 K. E. ttinser
tice vibraiions. It is rhê laler \ïhich ee of interesr in the microlvaÿe- and miitimeter-

. Whre ûe coJpting ot fM letd\ I o lo rhe -oradonat deg.ee o. treedom ot à motecuieJeoenrLr oû . roo,. rri.turE . a re or uL. cos9. $ r-ere !, i.- roe 
".-,";;; 

in;;"ï;),;;\esmen'ar, riDo,e mome'r dnd o ,, rrrË 
".gr" or -,à,,,,"" ;;; ;;'À'ilr;.ï: i;.bretional desreÈ oi rree.rom wiil be acti!.e ; absorr,r.i .r,sü i"rà, ]iï"î*il iithe total dipote momeDr u/irh vibrarionâl disrorrlon. represeDted by the ûomla.t coor.lin-Jc QL. À nuo\d'r,:rlls.,u. BQ., :0. tn Lhe La.e ot ,* q,irU",i;"" iU,^ir*.-".ir.opolime-. i. üe -.het'cdl rorol,o;s.rrdjnai \ orarjons ùe ._r".,J;; ;.J;;';:\"or'aJ \Jlùe, ot lfe d'pote nomeor Jeir\à:i\e rr t".i0,,,,", "îUïr"":;î; ;;.mon;c osclraror, the asociated itrtensily or absorprion ;iiriTrJrl"i,iJiiJ i#.h- ruu ,rlu il O.r..ne.e. -- q rlc ramon c , ".,,*.,,. "i,r- ,,';;J";r:;; ";',',i:

'e.niJLrdrL-e t'o,. thc ,reqrrcy or roe .rbrdùon.,,.',or,t..;""_.,i-_"Ë.rr. r,a coD.rdlr. dd cdD he r5 rnd,ed b) d .impltieo Dàmrar coo-dina,e .o;,;-;; 
";

I rd\s Dorrl i))l! n. re,,,,d muJet, a, ltc dr!.oflrô1. ot, le.j* -,r,ià*
mode1. where the hericât rrackbone js connecred by r,,s, p;.ri;i-;;;"-;.-;T,Ëili
comldsed of rhe x H...y hydrosen bon.rs. pertubation of , ;;r";,1".""t#;î.e\e. ôl r"rher .r,tt ,urce Lo-\rdo,. Jj ro erLt"r Lo t,.;o1§ ra 

",il.;; ;;. ;;;;:;-Joi).m.,er tL-r ttl o..n u.er4J or.egne.,rrt o.,,,o. a, i -., 
^rr;"i.",;;.one may stjputate rhe quasi-tauice vibralional rrequency r,.tot"-ioLffà;;ëir#artrase.rhermal cùersy of corüsions, i.e. rndepeûd;nr .i ii a,, ,tr.JJ-i,y iir,"î"àivahe ()1 the intermolec,rtar Dorenihl

q ûJc-o\ate ab.orDl or in rbe ra, se berheeo . "od 20 C H- Ior pBt G ot M W ^ los_rndepmoe.r o[ L \d. bee] ob\ened 18,. 
"r ü brerp,ered i, ,"-;. .i , ;;;.'.t":.;",i

m"y be apDru\irdre! c,"..i!"Uy a. a conJDUoLrs ,nr:ng u:rr. ,.ctlLr .c ror.e LoNrù, a«o!,dred $,rh ,r." x r...r'"r,,,,i"T.lilï;";!.;:, .;; icioal \jbra ioo-t,re.iJenlJ can rhe! be errimâ.e.1 bv: uô _ (: t) ,k mirr..i;;e,I hepirct or rhe hctj, " rh 2.-, beirc rde d\rdce berseËn *.*.,,.,*,, 
"i,rr" r,"rirolce cob1]nl pe- Lrdt lc-m uçrern:neJ t..n r\e \_H...y.orce côi-iranL rl0.. I rte rensrh ot rte hetil, â!d m rhe ertelri\e mas§. q,,r1","1 ir,r. "|,,,.. Inodei r..1. ?. ic:imp.,''c.ror o"Lie qla.J".r;ce \;brâü.; r;.rj";ffi i; ;;i:;;iJù.ry ro 'he s mpre o-her (. rr (oret"re§ u:rh üe "n"e",,*" 

", 
ir," .u*.*a ü \\i 

,"",à).]
r:on or pBt G. A. n,o.e,ompt.re d.a\,i. or rh;.,,,.,.r; ,." ,,b;,;;;,';i;;"':;.:;bioporlîe- ".,uc Lr.\ p-o\ de, rce .lcpe;de.ce ot Lhi r"equency .- ", ,r,...r..ï*r1lighr. siice u.. srl Jecrea,e io I nooorooe,r*,"" *ii, 

"i..J,!Ai ü:*. ;.;;e\lendrEs,lror 
'hs r n . er-*J\e ;n,o rle cer meleFw"re rceiod t. ro be erôe.r.d,:,,-'"i","],.1 Dro.e.). depeJdil8 on rhe Mw or rhe \r5 en. .Ihe a,m.," ", r"

br mo'ecut,r Lo,tj.ioi\ r\ilt r,e (o,.oerab,y r." *ri,.,i,",r. 
",ordlior?l drrLL.ion in a ,ttlid: ac,ordjrÊiy. ,he p-eot i"- 

", 
O .,..i.i" .a*r,ï",rr".,,

;:.":,jlli:p,.:: 1., 
rb. Dreracrio!. qrrbous r ,he g terx r a rpecr.r c,.e or veirI"sn synmcrry (neLccl 5.res.4\i. rbroL8hout rhe motelùte.cnd biàpotyoers,,uct..p,ore,!. ri5,, 1.'. ll .,1, cd,e, rdLber j,eeùr ,h,*-":-.",,"".1'.r;.,;;..;;.;.

reB1',rl) ol r\ree.d meD.ioldl srrucLUre âDd non\dr:.bi.c u,p.l.-_À""i-a.,,,, ii"",,or qL '5i-la,:.e \rôrar,ordl disro.ion occlr. rhe coupüng 
"_.b" 

.; ;*;.;;";;;;h3l becolc operdri\e. Irresr ldriry :a ÿrucrure mdy be ibousbr ot ", 
jd";;" à;.rrLJù\.e. inre.rerence or !ibrcrional moder dDd a "à"."",.", iro"a, r",r*"r"i" *à-rûm or rârtice modes, jn contrast to the discrete .p."t "- "r 

I r,reiiyË,üi,ii;li.
ùre.. Finaly. it is of interest to poini oùt that rhe distortion 

"r 
,r,i üjô" trri_"ï,D rhL o hcti\. o.mtjet ro rhe her; âxi.. ubi.h senerare, t," ..,,,.'r."gr.,i.rr".,"t,'rroD\ near l0 GHz. bâ. .o oirecr coJi erpdr .1 

douôtebetcrt .,.-",,,i. .,"r., ,,',1",
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of D\ I -irce :1 rhj\ c,.e j,e tr.lroge-.t,ondcd \, b,1ir\ t.e ...Fnr a.ri ne-rerLl cüidlo. tbe hel,À a\r:. tt,i§ . rvr ro .a. ,orj D\q,.., , ," , .. 

".,1.,_,';,.,i"'.,1:",ôr.r on..burrt"'rtenrüooeftor.e-§ubui.,\..-ru.,.,,t.":;",;;,"",,i,,:,;"::
in t re vre L.hioô ds rr.os. or ,re _.5er x i:6.. r, ,,,-, .,:.; , bi,,';;"i .,1",:,ï;of the liydrosen bridsed system in DNA r. p.i,-.ili, **"i.i"a-*iti;;;;;"#.r . lc,rce .ibrd ior.. r\r,{ eJ u Le rbo\e .00 cn i na ",..,ii.,Ui,rr:;..;;;,'::.Lc Ce- ie ot ,^, Ter;lJ.r..1, \tere.. di. onron i, he r tc,i. .,.,. " "r;;.;,";;.,;the fâr-itfrârcd fr.quency neâr 100 cm r an,.- ,.,\. ,,,".;;,; ,i,:",.",'",,:;.: i.i_:i; :.*"'" 

reqLreocr, q,Bc ,ed-

D!ELF( TRt( s\tt R 1f!o\ t! Btopoll\ .R 51§.tLÀt5

=,,.1 ,;,^,::: l-. r- r.relr.,.,.cr.,..,hper,,âr.r rrr^.erome . \ rD _.r.t rol",i/.b:t;.. ai:.o.rone. o,. i...,. ,e*,,o.. r..:i,.-i..".-ôLr.ur er.r8y ro Ine d.!-,je r'(.rrél ene.sr rre inco rdt, ie, ,"- 
" "i_ti" 

,"i*.,.^ela..rergrF t. .rr ,.t,nar; remoe.,,u.c-f. ,n" ","""" ,.,; ;,-;;;;;:.:"1
,r ( ,.0:a rn3 t1l

ù e- lie I'erd '.,e.. -r.o.. d ,.J .h- o i r,1 , .r.,,...ioo.ut det..,fl.Èco-) lo'Ll. for ,,. 
".. ,-, t .;oot .o n".,,. >,,.D ",; "_.;:i;:"bilil) rd.. .op c > ,0 r0 -1 lre . ru.e ï...,.oreJ iEo ,.,ti,n. ,(,l,ereJ to "Ddroach I rr. rJ- -r,diidbte,re.d.lerert. r . ,r",."",r""r"0i1Ë"",],i'."-

,(ir r<!É.r:0)., «.. (r,|rt r i lritn,.r; t2l

luration hâs been dfcüsse.l by a nu,rber of auûors (23,2.1. 37, 3s, l9). Sèturation oirheelecticâl bnetuiüseûce (KcIr efte.r) ar iields of sêÿerar r.vi^'ml r,"". iiJià iïlaLG (25,.10) ârd iobacco mosâjc virus (19). ard,irtua y r"t"t di"l";;i. ,;;;;;i*
^I PRI C r.. ôe(r jch,c.eü in .,oj! ,2t, ".o 

. 
",."" " 

,,... 
",.. , .,, ",,, ,,..0."",,o ,0 l.\ .n. r re .t', Jt rhe -(i,\ar:on Line tor .\era I ror"rion ., pelê "." l,'erh .3rrl^.e \,, been reû^red i,.tietd, rt, ro,0 \\ cr!r.

. lh(Jcqr:.ir'ono, t_.ge,. ,e. o. rtc ojDore ronell r ,.l .,re potJ-i/clri.ir.l â_irorroô\in orJer-r..r,r,ü-.'po. ,:j,. ro re _o L oor,r _","_;;i .;,,.,'".",":,i;i"-nonreno[ As d fi]st approrrùr1,,ù. rhe r.r,i .\ i,.or.r\ .(. rorler.ôrDJle 
rune'' io-" D.t'.e'Lor.i..rnÈo'

th. ,!."-,;;;! 
";;; "f 

',;;'*ïô'i;ï;;;i:ï rhe monomeric moment, !,2 (parârlel to

r1 =)i.1:ti:!r1r I3l

fhe pciârlzabiiity .iiioi.ôpy ar zero frequetoÿ may be writretr a!l

r a.=rdiL-air- ûli,.,l,l.iiLr:;,rlià!/ôa,t2 I4l

.'i:': :" " or rhe erec' oqjc pod':/ab'r'.). u., ,'d o-ô,oerrorrfuordt conrjtorents, \\ltcb may be ruirterme de.;\" e. .,,r r^., 
"". ". ;;,',,,;'.i*l;"ï,:i :; *:.J1.] :fl :ii: ffi.

".11t! l:!**,rerdee\qror,, rnera.r .,,F; :";";.i; ;,1"1"i,a cù,c.Lc.âr or ot rte \.re.-oôrc Jt .onlorro e. teaJ\,o.: >;.;"-.;;_D,cpoide-"r.e o o\.,,er \n!r \ or.,.oldi no.e. ,,, ,"* ,,-. il". .i."",:"" i",. ."
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164 K. ù_ lttiuÉcr

«;b >> s-'r : hence. the polarizabitilv anisotrory at zero t!-rnicrowave) frequencies
considerably exceeds that ju§t below electrônic frequencies.

. 
Certâin structures orher than highly symmerrical biôpoiymers mây be expecred ro

show pronounced dieiecrric sarurarion effects, for r*-", ,tÀ,1Ù u, ri,"* *r,;ii.rt.."àrle.rdn,. u|le rdr;o or ,ern.t erers) ro,,e.Ll-,,rem.1io1 *.e, i"," r""..J
J .JJs.eJ JLro\e. Ore .^t . ,r âr'or ,. ,te .e,oupirs or /(iUe1o1

molecules from a micelle, wnose aÿerâge dipote mo-"rrr;. 
"*""tiurfy 

,à.., t. r".. irr"
non.micellàr na& wiih associared targe ÿalues of r,. p,,t*O-r;.fa -*.r."-"r,, .i_ijelÀ
up to 100 kv,/cr11 and duralion N msec have beeù car.ied our (22) on eeg tecithin,
a phospholipid of the lype fôund in cetl membranes. rr i, rou"a iUt ""..î rvi"-. )pl.cd'ron o' .. di. 1 nr rt e iilctre! r" .** i"ri. ."""-.1o e.Ll"r.'sB.e;dre,. lnrr"r.tdrrrg.e,..codree.r,ic\Jrra.io.!.tecr.io,olrp".,"a
behalior i, rir.o, atientioD mùÿ be gilen !o the effea 

"t 
tr" 

"rr;..-".t àr ir,". G"À(c.g. $lvent m the laLroràrory meesûremeft) on ihe inlermotecutal rorces anà *re
dielectric properties.

St,t\ll,IÂRy ArvD CO,\CLUSIO\S

A bàsic physicâl de"soription ot rhe dynamic\ of â notecular svstem in the presenceof-p{turbrlions bl, à1 EÀ{ fietd an.t b}:iniemotecular rorces was prov;ileO. '
Inforihauon iûdicatine rhat the nâtunt l:lvl baclsroùfd r Uæ Liospfreie at nicro

"r.' ,rJ l(l Ireo.k trre. :r o-de.. o, r".i,, iJe bet.." 1! oove, te\e.s ê\. o.,dle\
d''J o .c(. lt,. "pDt.cr,.,. s,,I',orroeJ lr c,nl.J\t. lhendrrrrtbdc.er. ,! "r \ Lt, 't I J r. a.o .re. ,enc) . J \. r,et. . in .. .,.;.:,;;. ;i',,;

sârne order oI magnitude âs ce.tain rechdcet appticalions. ' .

A detailed model. À! the teÿel of oreanization represenrative of rhe molecular com-
ponenis ot biological sÿsrems, of mechadsms oI interacrion beiweer microwave ândrilUlFre.-*.\e t\t ,,eô. .od b.,oeic.. .j.rer\ uj, !er.,e.eJ trôn r,e.e Jotr.'le-drJr\. I kuLld d.nl"r.t"l ire,e-ore e,r.!,..,.,.iîg r-or he penUrb".iorul roùt;o,dl .r,tr-ïor 'o oiuusL., J*, b) evJmdt lV ret., in ,te ttl "ndre8iJ r. âr 'o.rdt ,r i.., l..perdt|e\ rd.e d rou nrubcôrlirv tr,tield {re ,e'1 be uu .ar rar'oj .e er.. I rc er.... n. ..i q ,.,.; "rrr." . "i.,,;^l ;c.\.trde,] bn.o'rerri. nrJc-re.,e.g. rte -tp,dher,\, ;roi.a,r. .he no.,rbitLy oiLldpeJ e,ôi. ber\ee. r'. 1!rer $a\( rnd f-r ,.,Lr..d tM rirldr an,r

Trreÿersibte saturatjon effects in biolosicâl Iluids are erpecte.l onlv a! Graiic) fietd
strensths of the order of LVcm r, in heljx-coiL rransitiôns ot certatn'Uopàtrmeis anrrin micelle ràndoùr Zwittcrion re.§ iônc

lhc problem of microwave EN1 field ihduced ljrolon shifrs jn the hydrosen bôndsôf biopôlymen wâs discussedi such fiet.i-indxced proron shifts, 
".a 

-r1"*i 
po§ ,r"

âssociated genetic-code atterariôns. ùe niprobablo for sy*ems such as DNA.

APPENDIX

DI]5CRi}TION OF THE MOLECULÀR S,§TF,M

lfe rTcsol,.ror ot rt.e erert, ot , not.cr'e i r\e p.e,e\r or c,Iÿonat ner-ru.bdr,un b) orl.e- no,..Lte\ dnd or penJrbdLor., ,. "r"".-rg*,. ,;"il ;,";"
characterlzed bl, the (Hamiltonian) encrgl operator H (r)r
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liÛùa.tion b.tr1,t,7ti.tot r. and \li i,hltor.a\. E!c.tr.ûu! .tn Fie!.ts 16j

flit) = iic + ti1)+ ltl/n til
Here, H! represents the (ine-indclendènr) energy operan)r for rhe irolâted motecùte
sepàrable to fi6t approximari!)r, ilro the electrotric. ÿibrarionâI. âDd rotarionat deere.s

Hr=,rrtrit + Ho(!i!r)+il0(roi) t.,l

\n . rle | ,'t ererg.. .,e o aôteJr,o- I'earj'o.. rno H,ù irre rrer.!'uru',c'r.o-ore',rel\lr'et t, e ,r o \,.,J,dH. .,c. %.1
kDown. H(i) N defined and ihe ener$ of ihe s}§lcm cân be pre.licrèd. jn principl;,
by so1uliôn of the time dependeit Schroedinge. eq!arioi

i # vir t)=rtr,tt'r(r:t Lrl

ÿhere tI (r. t) is the \râre funcrion ând f : h,2. Fhere h rs ltre ptanck connant.
In Equation l7l, the dcpendence of the encrg! opentor ùnd of the waÿe funcrion on
both the time, t, and êll ihc spatiai coordnrâres ol rhe r panicle sÿstem, r : (r,.
rr,...rn), has been artlculaled In tracti.e, di.ect solurions of Equation l7l. even fo;
simple forms of the iniernrôl.cLrlar potenliàl V(). as pell Às for arbiirarily large field
inleraclions Hj(t) arc nor avaihirle. Progrers torvard sot\iùs Equetioû [7] can be nrxdeir ,\e ''n iis -. e $le'e b- | \,' ,oH .r(.r , t ..r- red rô Ho..rcr r.c,r
then be assumed that \(i) + Hr() can bi treate,t as a pe.rurbation 

-operator 
anO

employed, !o va.yin-q desrees of àtproximalion. iÿilhjn the frÀme\rork ot pe.turbrtioû
theory ând ilith the solutions of the time inilepcndeit Schroedineer eqLlation,

H,ll '!io=Ei ÿiid l8i

to obtain the eÈergies of Lh. perturbed sysiem. Here. lhe.igenÿÀtues E" are rhe
unlerturbed cnergles ol the >ynem. Eôr conlptex motecutes. Eqnarion l8l can"bc sotvea
to fâir accuncy, âlbcii wirh com!ùràtlonàt eifori wlich inÙeases râpjdty iÿirh the
îotâl number of electrons i the môl€cLrte. In spire of the co.lpuLrlio.êl jntrâctabitin.
. )e ,\eoje, c.' ro.r$ . l. L.r.e .e^e ". 

. e b. .. ut a .e ..
quantitatile discu$ion.

It; of ititerest io eriàmine firsr the nàrxre ot the motecùlar iDteractio$ reôresenred
\',e e.ruF.'1,- rrer ic e.. s. \ I tq. i ,!.r W\e-!o. -e oràt e|e.gr

of ân Ltnperilrbed môi€cule ii lrs ground srare is of rhe order of 100 t.cat no1;
ler chemical bond, i.tcrmolecrler forces generaie jDrerecttôn enersies \r ôi rhe order
of 0 5 kcâl niôle 1 dùrinS collisions âr aleràse inrermolecxtâ. seDaretions near STp(.'.,..c,1,,'. ,e r. J.,t.. ..J ;,t \..
b-! lhc perpositioD of severâl teûns (15) e.g.

fii,i irjr,;ii lic:iil,i!rL!r+l,.!i-l+ffil-l t9l

ar an inÿant ol time r'- Tems on the fhs ot [.ruirion i9l whi.h Derrài. ro aDv àtômic. ' 
rec, ld' .' .re- "re rre rcp r.i.. L( , \ e 

. , e. J.pe-..o1 re.r\ , "l t '. t,' r(r o .e. t-o .or..,rr ., ,po.ed rpol rle rlec-c
.r"ie..,r b,,o" \\.er ô.,t"p.,.:e.- .: r1 .t.e: e te.r,
the energr, of any ato.lic or molecular slst:m wilL itrcreâse if ihe jnterclectronic disran

J( -. e I l.e. d ,l so o.or ^. , ro... ,e. ..,|,Ji,.g § | .' ri..,. ie'.. (, ..1. , ,.e -ep"ted o\ ..- {hô,e nje
\.-ô: rl r,.'..,or' o,eri,l i..'ôr', eel. (. opei...e o,. d, rl ', r .r rd'.1. .e\.. ' .,ibe,.t..u. 

", 
,,. 

"-. -r.
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r î. t_,:.,."
or. les dccurârett., +À, Rrr. shere R n iA . rr k re ; ,". . ",: i,;':1,'":1,,;'" 

t' '"'." ',e,m kc,:r 'i â,ce r, \
".""-*r,..,".,".àr'..., i,lr'"i".i. 

r"!rc' L«w'e,a " r.( . i

b' .râ, c.rê H . rd r.-,:r, .L; .;.;"":.:":' ""' 
''o1 n I Io'1' re\ mol.--: 'r'ere

are w ir ro.ri c _-"r"..1r r""i iï";:,ii,1,;;, i'", .;.X:'"1; i: ::;1"ïi .lhe present discu\sr^,1. The cnme31n,,n 1,"1"

'* i*ti*' .::: 
';*ii. 

: i:i!,,I :i.i:iririx, rl:-;r":r.:lorslances berueer elelrons rn\aldbh ie,,Ltr
n u.;"e o, 

'r" ...". or. ",; ; r";l::;:J1i,.::::::ï j:î, 
X î;il:;

i:i: J;iil. ;f ;;:È"r r" ;; ;,Nr; ii ;ii.: :i:r l r:" i:ï:
r,rut*;ïif"m#iii*hi,LiË,.ryiir:iî",::§-,ri:.î:.i:i
'eD,e'er. rhe,o,,r -,.,,'", uiJ",l'll"' - 

aror" I\ " 'R'| 
r \ R '

,e \aIJe. or me L. dl.e *, . ",,.i;, ;;" ;".;l:".,,, { i, il:i :"1:.t:1."":; " 
.

" 
I; :r:1ilil.iji:'.i::li lt t.:,i;,-" q r"-'. i" ''..i',:," ,i:"i:... ,,."". '""r"i",".'",'l .i ;' .;î; :;; t:.; ,1.1',:J.:,1;":::;;:, .: :1,î;..îï"mlunpoLe moments (charse, drDole nhmên,

erc.) ÀDpea- â\ more....dr.on.,"tr,, r..h",'.::".J' 
rpoie r. rerr.

' .",n, ;o rq,,oo p -;,ji;, i, d .;îY:ï:::.,]J".:: ,i::::: JJ;"".,:.::l':.Ine.rote nolecLr.r di{âlLe R. u:.r-(u..rd ,§ ir Lhi..er,e. c.rr,inirs c. ";:r,i.;;,rir'ipole.D)JLipole. dnd rulr:Dot: rrJuced nr tr Dore .rêr.. io . ;",;;, ;.,î";,_ ,,'ecule\. Ar .Do, .ir ,,È. ;t ,r-" e e!ru\;r,c. o. "", ., ,". l;.,; 
";: ,J;r, ,,v iq,har v.,Rraro v.r.rR, J-e fulcr ore ôt rhe rrê,,td.."i.-,. i"r.i 
""" -.,..,,"s.rh re.pec ro . ,"i ,e.. ,Loÿ; c por,ive ana neg.ri e.,,,*.,u ii"i,'lJ"l.,"i1re_ofrenia,br- 1r e .'-rn v rdrR, ir Equâr:or tol de.cribc. ,te ,,u 

",i"", 
.,L",,l.'ji

i,",,":"r".,".id teperurbaLio..rp"..,r,i".',,,,,f...';, ;".;l;.:;] ;#.,ir r!3I,\..'n .J rp-rr c ii',j.',g H dron: ct en.cdt.\ U".a"0,", ._.,,.t,,, Ci. N."r.,,iDe-r as r Drô,n., ,\.r, r r 2 Â, oI loD.botd€d arJn .,O. N. | ,..: Lir,:.. i.rcrg.nreroc,ior rc ,J, io le ",r"l.on ot r,1e t_Idlogen,-.*.^ U...i,*i:;ûr) be sxi,l ro colrrjbxrc ro v a rerm \-.. ir,j".. :, \ becdu.e ,h. ,;,*" .; i" ",;.*lll 
,,h;:,".,, s epe'd,cc ron ,,e o ,c,

l-:l:Ê,r 'o ,\c ,",- " . , ;;,"; 
" 

:.1': :::":ïl ::i.i : J: :î: lT ;ï1: :1,r,ipLco',d.qLtrdroeer b,.a8e i.e.en ict) drc.el.ro...,. -r.,,".ion. rrr".,.."."'rrdge (ott€n. less dercrjpti.ch. ceued ihe hv
oo ^."" ,.,."i"t''" 

bor-J' ' r e\r-e 
"v 

irpol: rl

R(âL.erhce:e.er.r,r",1.r..".'r,.îo*,,'l-' '' *"'t f io §rLh l'quid' "\ ^r o,rs nle-dcùoD e*r:r, , 
"ue 

-,--e",-n. ;,;:i:":::;:l;],)iî ff"T;"i:,I,:ïl:rnductroo inreractions

. .In a .iypical motecutar system retevanr to a biologicàt ctrUry. aI of ihe molecuiâr
,.rtu-cio1. rmï.a/ed rr to j"r.ur tôt "-o r..erri,.u."o .;.." 

",, ;" ;;;::rl _dct. rrc §3conddr) dr.! te1.o,\ \ i.c r,". ., r.à". . i) ,;,-;.:,, ;;.".:;, :;l- rricrir bioro're^. ,-e ..o".ii re c -irea b) r" 
".,."t.-.,i". ,;,.":. ,n: ,;;":-.,Lrn..dt rli-';recl,.e oI b..t.B.c.r.\ .rpo,,!r mo.eL,te, . ., 

":; ".r:i; ",,.rrograrn h,e :, rrc, a nüi ,rude 
o r . o r , i .' L % L i o r . ., r" .o. i". ;,""r; ,;"1,-tlr"ble bI iùe,dt roar'o. ,b,Jr , t.Cju",or .O oo 0.. ,;. ..:;";:i .;",1o. .L-h ;tràaor{utd. co.fo 'r , 'o""r ntre., ,o ,. . or lt e .àne oruer or .ren:Lude ,,rre'.le-nolecrt,- g...rb. t..i.,",..';.;::,.."i.;;;.,;;:
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thieructian b.tÿeei Mictaÿaÿe 4nr1 Mitliht.l.r.bre Electtundgnetic Fields 161

eaists a fa;1ÿ large sel of conformations of siighily different energies for a biopol)ûer,
each compônent ôf \rlich has â sllghlly difierent stabjlity depending on iLs inlerniolecul
ar environment. Equilibriâ amotrs differeni conformers hr\e becE sludied extensively.
and the effect of ihe.modlnamic \2riables, such as presùre and iempe.ature. on such
equihbria are reesonably wc1l understood. The dynemics ol conformatioÉ1 equllibriÀ
âre less ]\e1l characte.ized. and the time cfoldtion of conformaiions in the open, stcady
stâte systems that characterize real biological entities ls not tully ùnderstood to dàie.

The dynamics cf molecular slrtems of biolosicÀl jtterest âre affected by the ihermo
dynâmic vffiables o{ state .rhich charactedze thei macroscopic enÿironment and b)
any external potentials, such às EII fi€lds. Given the viabilily of knovn biologictl
slBtems in the presence of nâiurÀl backsrouùd of lcmperalure. presùre, graÿitâlional
iields and non-ionizing radiâlioù. it is of iLneresl to illqùne into the EM LrackgroLrrd itr
the biosphere. before cônsidering t[e €flect of man.mâde lcrtu]rètioûs.

NÀTURIL IIÀCKGRO IIID OF I{ON.TONIZT\G RADI{TI{]N
T\ îIIE BTO§PTIEIIE

Àpari from certain natxral soùrccs oI ELF atd VLF fields, to be touched upon later.
the natural backgrouEd of EM nor ion;ing râdiation in ilæ ieûesiriai biosthere adses
from (a) radiatiotr ftom the sun and (b) reradiation from the ear1h. Allhoush 'dânsn1is-

sion through the atmosphere modiiies the solar spectral irradiânce R (1) ar the sûrface
of the eùth. the enÿetope of radiation flxx (i.e. the upper limit of R (1) as a functlon
of thê \râÿelength 1) is quite accurâtely described as à blàckbôdy distribution. y,iih
T : 5700'K (2). Similarly. ihe terestriâl rerâdiaiion can bô ireaied as arising from
a blackbody at 288'K. Characteristic of the blackbody model is that the totâl radiant
energy emilled over à11 wavelensths is cTa, .rhere c is ihe Stefàn Bolhann constanl,
ànd that the wavelength associated with the naimum ÿÀlue ôf R (1) occurs at 1n,a =
= 2898 mjT. The latter relation predicts maximum va1ùes for R (1) ai 0.50S,1 lLm aùd
10.06 !Lû for the solar and the t€rresldal blackbodÿ radialioû, respectively. tr{easured
solar slectrâ1 irradiÀnce âl 38000 ft shows a maximum R (1râ-) = 208.5 mlv cm ,
pm_1 a! 0.480 microns \ÿavelergth, conrislent with a srlar constant (total radiation
emitted ât âli wâvelength, ot 135.1 mW cm-, or 1.9:18 câi cft-1 min-1. \'learurements
at 1,10, and 20 microns \ÿavelength give values of 71.6 n]W r 2.5 X 10 e m\ÿ cm ,,
and 1.6 X 10-3 mW cm 1, per uûir micror, v?alelenelh inter.rel, respectively. fhe
Derccriages of rhe solar connaat asociated \ÿith shorter $,àvelength radiation ât 1. 10.
and 20 microm âre 69.12,99.935. ând 99.9893 perceni, respectivelÿ. lt È e!;dent from
these considerxtions that the natûra1 blackbody râdiatiotr bâckground in the terrestrial
biosphere at wavelensths beyond the far infrared (beyond 100 microN) js below mi.
crowatts cm-, in the lons-walelensth limit. R(1) falls off essentiâl1y exponenlielh/
ÿijth wàveleryth, so that the mtxral backsrolnd at mic.owaye and RE frcquencies is
scycral orders of magniiude below the far infrared flu.

Ionization proceses h the annosphere. produced mai.ly by cosffic ràdiaiion and
natural lerrestrial radioactiÿiry. produce electr;c fields of rhe order ol 1Ô0-200 1. n1 1i

nnder dishrrbed weâiher conditioDs. tields of 103 V m-l are observatrle. Emissions
from lightning fùrther lroÿide ELF fields it the region 3-300 Hz and vLF lields nr
the reglon 1-10 kH4 thcn. Ïormer mêy prodùce resonânces h ihc earih.ioro5phcrc
cavity xith typical resonance frectx.ncies near 10 Hz lor the filst few modes. Itr the
RF ând microw.ve rcgions. the only natural b.ckground is the perlroSed blàckbod,v
di§rributlons ôf solar and lerrestrial ràdiâtion. For a bàndwidth of 1 N1Hz. thermal or
''Johnson" noise produces a powcr oulput of ihe order of 10 11 W in amplificatory

eFFee-l-s { He*rrt pAe4Èss
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168 K. H. tlti,t!(t

s)slems ât 300!K. Power sourccs for scienrific purposes rhus hâre poÿer outputs
man! orde6 of nagritude above the tacksround. Âs a resulr, the IM fietd perrurbrrion
term in Equltion l5l mar, be iaken ro cxrreûely good accuracy! ro arise;urety trom
the externâllÿ applied lield, nesLectins the narural beckgroutrd. in the nic;ow;ve in.t
RF iesions.

MOLECÙL \R DYNd]IITCS IN AIItr PRISENCE
OF ETI FTEI,D PERTUR}ATTON

In lrincjple. the rrrescritlion of ihe rttrc depen.lent eiergy operator jn Equatior l5lpennits compleie formularion ôf the lroblem of the dlnânics of a motejar sysrem
L.einS periûrbed sjmultaneôùslÿ lt, inreirnolecutxr forces and u exrernal trM field.
Il will be asùmcd thar an adequate exlresion for Hj(t) car be writien in the form:

Hrt)=.[i ! Ie''it e'L''] Ê(t,")

eFFec.{-s t HeRlü HAz4ÈsS

^2a4

!01

l{ere. .d À rhe ansulù frequoncy of rhe EM fie1d. ând G(r. .i is a funcrion whi.h
r'' (.p'oiie ^ 'l( I \4 r1.t. I o- ( \\ odrd iJ1. L, tor AM ôr

I \4 1 .d 'ireJ f(ro.. ,,,, ,u .rte. ,.n ,te dôF,unriJ,e tum \4o-e g.r-rJt . etd.,sntâi ng rorc than one frcquenc_!, can be written âs a superpositio; of rerms asjn Ëquariôn []01. Er", is the amptiiüde of the inlernâl fi"td. i.". it" effcciive field at
the moleorle, ând !r is the dipôle moment operaior. The lroblem ot cofrluring accuraie
ralùes for the internal field i! â geieral dietectric js a fôrmidabte one: horewr. ror-n..e u I . r'ti.e jo .J r'uer ir o' ,he .de 

^rLler o mden n {lc .,,rrer.c-..!,.T. eu rrre 'elFc-c. ttr..-gr trr'.oe,ror rrcr_de fe,irou,.,,r
of the externâl hàooscolic fjeld as jr peneLrares rhroxsh à dielectric. The masnetic'..rJ' o' 're | \t ii(lo ù. heLr ,es,e!reu i4 ..t..r'un 1.l., . re r-ere, c irlrer-ci:on,
e\cept for ferromâgnetjc ând parâmâgneric svstems. are much weetrer than etecrric-
-licld interâciiotrs (25). rt shoutd bc nôted. howeler. thet ihe masnelic vecrôr of ,n
l\.1 "el. r.("nJb'eJr ', '..r1. edc. .e Jntcc.. r\nh. in ru"1.
iÎodûce mâc(rcopic elecrric fietds jn rhe dielecirjc. This ef:fcct, of par|culâr imloÊ
tànce at freqùencies belôw rhe microwaÿe resion. r€quires trnoÿledsa oT rhe detâited',di-'io1.,r!ro'.r t\,i .o iê i,r q.ih rh(eLcr. "rdr.g,ei. e.ror.

An accurÂte descriltion of the dt,.amics of a môtecujar slsien xnder rhe periurba-
tiùs Nnnnarized n1 Equatiorl t5l requires, asi.le from rhe form of Hr(!) in Equâiion
flol, an acctrràlc formularon of rhe limc defendcnt internolecular jot""t;"r in..gy
V(r. t). AiLhoueh the description oi è moteculc in the gas phase un<leigoiig coltisi;
?nd itrte,'acting vith an EM fietd catr be treeted, to verying degrees or appioximarion.
Lr). scatterinc theôry, (19,51) rhc solurion oI the probtem for co;densea siites oroviae*

ie.. I'od1c.,"'..one re4' oo'.g'ca'er,r.,e. d.e rrio nose.eoJ. .).
slen1s §irh chârâcreristics interhediate behveen ihose of a sinple tiquid a;d thosc;f
solidcs. Thus. ii À exfecled thar rhe ordjnar! quasi conrinuùm modeÈ for the dielecrric
Fropertjes of ftuids ere.ot completelÿ â.iequate for the getrerât lroblem ôf lhe rrerturbàrion of biotyEmic sysiem bt, EI{ radiâriôn. Nevertheles. some qualiralive
leâtùrer oi the srnrple iheones âre eipected to prôvide a suide loward aciual bchàvrdr
ôf these srncrrs. Ar ordinar! remleralures in simple fhids, ôol€cutar lnteracrion re.
duces the lfelrmes ol indilidùal rolatronal ej8enstates to soch an extent ihat. owing ro
lhe indetermiôacv relârlon ,\EÀi > À (whe.e 

^r 
is lrc lifetihe of an eigcnsrate 

_anO

^È 
js rhe asô.iatcd indeterminacy in the ener!y), rhe i(nadonât dceree of iree.lôm

be.ome. qu". .la..'.1 ,lhp ,.d4.'cr,olrt deÛee .,t f,eed,.1 r. or*r .ta,,i,"t eren,r d o,lure 9".. .1-e .\e .r_.."8. u|lt-e r.dr.td.rondt e1u g) ievetr - e u.rhrr AI d\
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.iele mraed by lle l erine of e\el dl re-r .ô$ Drejn res , A\â ,e. , '. ,be irLeac,'o, o'rte ,o,driolJt "1d,r.r.tdio1dt !-e-ee Li i..0,i.,,",:..i"
1'l1o " : ?" rv ned ,. (,.r".rer/ed by r .e;\J.,.1 

":;;... ,.-:.;; ,.id. 

"",:
or r-cudor. .s $( as rre.rnaoiy Lefldin ,.\(rnotr moJe. ."nrelà,n qL,oatlled tla\, I _.rte-ato.e. ,." ,. 

"0",",r.....ruantized rorarional morion may persist in rhe liquid stâte (:l). r..' 
"..r.pr" ir"ij. ii"moleculâr consraot which characlerizes the dynamjcs 

"f tÈ :"i".;";.;-i;;,;' ,j.;;is rhe roratioiei diffusion conftnt or the coÛeration tin" r.. -t"tt.i"r-àrrrL1sià".I(lelri\e,reûe.i!a Jlde,ner re,ldt uôr\ r-. t_.,-.:18. o, .,.f1" ftriJ, ";.:;;:"Ja-r'ert orl li ,lelel.ie.ot" iJr- .etd€r.or oeù, or I re orJer, ofmagnitude of roratioial correlaiion rjmes of mÀny morccular anJ oi ô".";;;;;ntramotecular seefreDts caparie or internat rotarion h""" b.", _;.J';ith";;;
rhe prediction zi m,t, of rorational correlatiotr times k a task th;i ,in ;;;i.-;,i;dielecûic rhmry. empirjcal and semi empirical ,.h"nr", .r" 

",ait;ble 
i. ;;..J;,;";:

perimental fjndings on simple ftuids (:19), polymer soiutjons and coloids.Ir ,n.e or lhe Jr Jierec r,c.. â co.pleLe D.eo c r\e rheor\ ôr,he re,ürb"Lbr Jr b'od)1d1 i.ât 1){em. o) n,.,oqd\e ,.; .,,i";",';,,; iü;.d,dtroi ccnr o h( .. J o e\ \r. L'd 1te. ,n biotog.Jc y alri\e .o e.Ltes on. in principle, be jtrduced bÿ EM radiâiion. A cruciat q"..ti*'i, in",J"i"t.,towârd the biolosic steady.state of such itrduced "h*e".,;f _y,;tht"';;;;;.JJle oI b,o ostJt') §i;1irr.ârr o.oe«+ r1 njr c ,id.. ,r," *r.", ià "r:.i. "..iù,.,i ,rLr Je noteirtJ- .){eîs 
'eod rfe-- -e".1,o,. dld o- a,.p^fl dr .oîo.e., t,r,-;r"e.

T:lll** ." c , Jre de.rrb,b e b) a ard\i.,Jrrd ," ,.. , ,", .r,;,.-i";";;:;,
a 1 rrco np ele \ .o ,ed -e\e"rc I p-ôr,tei. I te â(Jutur\ .r he d-err d.ion of the medium or stbstrate jn which a bioro;ic"uy *r_. -.il; t;j;;;j;;;',;i;may be crucial to an adequare hodel for thê inter;ction \yith ru ri.rÀ.-ir," rrrt".requires an accurate descriprjon of lhe intramolecutar porentiat for;,f.;;;,t_;i

::"i,.,, 1"1' J' 're lleitoe.irr porenr..,\,.. ., i..;u. tit-t).,, ,o,*r,n"(recl ol {dll brl e\,renel. ,rge.ey.e.r1t üetdsorltetur:t,DrLr.:,,,ârr.o_r ch;lica dr!.!,'ornd.rolal equ,tiblr i5 e.De.reJ o be,mJ . rfe ".r," ,, ,,.o br;.ofrân .or nnem i. a (no1 e.r rrb"rn,,,pen. {eddr § are.\rer k,h ririre reaM,iorI re§ ql lhe.e a§pecr. renoer do a(cu.ole de\,.Dt .r ot cot r..ora .nr t\4 *r. b,i-ioi\ ." 1" ô'o'Jsrc"'.\.re1. d tf.ulL b cbIe;r:rc.
. 
Althoush the foregoins .liscusion hâs hardry ;;d the ÿey ioward compurationalel,-ùdrror ur fqu" on\ ljo, ,te tom..,n pre.e,reu rdl .rJ rn .he LonJen rnt,.rrec.., or or 1e,-eâ,ner vr rcru",»-en. r. ,..,. .;:-;;i ;;,,b":.;

l.l"'l-:.."', ." -e1urù.iJ,. .o a gi.cr .lren êre â..o!idred u.. .drJb"ù. o;rrd\ he e\.n red .. 1e,rc"rt) s,.h rt( di.l o, â .r re, or .r rdirbâticity (3.1):

, = ]!ir^+,r' (#)",[*, (+ !] ar",,,.") .r]1., l11l

lIe'e. ll b . Ine ererC. a'.ie-e1.e tersecr rhe te et\ or ererg. I and ,^ be,1sbriJged b'_-1( f\1 r,o ^1 arù,oH . -o r..1e rneJe-.\.r.,eur te ro, Ëtdit or;f:romrl' \1.ênD-orr'-( o.t(..ae.a,1d..d\ ù:cot r\e o.oer o, . re d, -clion ôt,. er'g\rer,,s orde-, lrâgù-ù.le 
"..r,,,., ", ,rr",r e{rJ, q tl rhe Lâ.e o'q note.ure.i lte d,t. e eâ...te qrerute \alLe or rne 

.nLeF

moleculâr potenriai. V(t), in Equatjon t5l), is smalr, r",aine t.*-à r.- u,,n" p.",,"."
dec-eâ.e,. lr the re'âr'.e \el.c'l\ o' h( oeaLI .e- .r.o rle rb.urber . rO, i. .Lre .Jrâr ur ot " .)D..dt ..JIi.or I. 5e gd, p\".e t0 .? .: ,ne .r e. .oe.Ll"rporerla \d.re\ 'or8i, belseer i0 I' erc "nd /ero. tr \e ..on..oer,oH o o o he

eFFÊô.t-s { Heat-ü HAeAÈsS
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constant turing the coltision (j.e. â triansutèr inreraction potenrjal), the vâtue of A tol-. ôros,.s'\ù b'r q lr 1',\0,3., -- tUrr ü,o, t. j( -oDdrenr t-dl r.dn\ iorco' sr'clr llre Jd cbei'c d\.uap ioD hotJ. c.n-o. be c.arhd ,^,r cn \_r i. freq rerc\Thia.Ireo renc) '\:. rte irllded re!ioD. 'r .fe nnroq",e reeioo,,f" 
"A;*t".i-proÀiD ,,ioo is c,eâ.\ r!apotjob'e. Trperimelrat .o.ri*, oo'or',o:, f; ;;.-i"

studie§_of the effeci of microwave po§,er saturation on line widths j" th" .,r;;; ;i'a(e". Ttjs rcn h le"d, ro rre J*umpr on ot he verj oppo.ne .r ,h" adi,;dii" ,;.--o\haùo1: ô1e c.i .i\§erl rha, ga.1b".e crt k'or, a;e s,àA-.."a 
"ro"gt, ..U,ii..in the iime scale oJ rotationai t.o".ilon, 1s01. Morecules in . riq"tJ 

"ii;r."* ..i
aÿerage intermôlec!1àr porentiai selcral ôrders of magnitude lârs* tr,"" trrot op"..tir"inlhe dilute sasi superjmposed ûpon this average are excursions in Uftl a"" t. i.àirià
uâl coflisions. In the solid. flæ roiatio.ai ân.l trânsrational aegrees-or rreeoom }i:d;v'duJt nolecrtes âre in senerat ûdstorred ,nro lârrice rib;drioE. atrhousr molcculâr rolar:on or s-oup rorar:oa mdy per.i.t ir cenâi. cd\es. \\ hf., r;,i,î_.;
Equation t1ll iD the câse of coDdensed states is rendered difficr t because of ihe h;ol J.rrrreJ \no$ledee ot 'uH oL re.enr direcr e\|e-nenr1' me".uremem, r27r ôr
.te trte inc\ oI rib..üolat .lcre, i. a nDIe fl. ids coor.n rhe masdrud{ ot .0 r. s,
indÈatins 

-that- 
th egime of strongl], adiabaiic itrieractions l* !"^iO*rUv-.0*J

1 cm 1 (30 cHz). This order of magnirude for the rrettme .r 
"rotec,r.r 

sr"t"i is co,
rrsteDt, !iâ the ùncertainry prjnciple, with aû indeterminacÿ of the energy of rhe orderof 1 cm 1, corroboratins the fact that motecutâr rrÂnsiti;ns l" rh" mË;;;-,;g;;in condensed states âre nonresoDdt. whereas those in lhe inlrared .." ";";sl;;;sonâni, and those io rhe fâr-idrared represent an intermediate case_

EF 
^À'D 

MTCROIYA'I.E ÀD§ORPTION I\. BIOPOLIANERS

_ 
The microwave absorptiôn of biologicât systems is dominare.l by the iniense rotation

aI- relaution of I{rO, ceniered at t1.Z G}Iz, cofesponding to a relâxation timê of
".y I r9',: a, 20'(. u, "l | .",- rJ. ire Hp,b...r.o, . whjÀ;o.r,IlouJv i;', qih;,e.r accr.r.\ ,,e rorm o'rhe conper ietecuic con.r . Loclion
predicted on the bâsis of a singte retaratior 1ime, p;oÿider 

"rt"i""t "n"irrii*-"ia microwaÿe E§{ ficld in rhe GrL regioD jnto ! biorosical entiry.

FIEI,D.§TI\TU[,ÂTED PROTON §I FT IN THE H.BRIDGES
OE BIOPOI,YMER§

§i.ce 'he rer id-. $ 1_c rrr or lr."r) ïotecütdr .\{eî, o, b otoei.ai intolrnce i"
c orly co ,n(reo $- \ rt-e e.i.rL tre or hrdroBeo b.'dce. oe.$ec! prir, or a.om, wrLl rl5e mo ecule. he erte.r ot pô*'bte r.riol ôt rbe T-oror ir .ulh ei\iromenL, on,telidelity of molæular replicÀtion. il particùtar th;t of DNA ând fr"""" tfr" e"""ti"code, hâs been freqùenuy discused. since rhe smalt -*s.t the p-i.n jmdis;;i;i;
tùrnelins rate (<< üfetime of an indivi.tuat) to its morion, te que|on oispontaneous
proton tunneiins in DNA has been siÿetr some auentioD (28. z9i and appe;d to havelær-corobùaled by an e§1y quaniùm-mechanical sruày .t ir," 

""èigy 
,".r.*-.i

::: D.^. I:.f.,l i. a lrrabl oL Lr_e p.\iion 
"r ,," r * --".,i. rinu"s,beôr\e\ (4-). Ite trnrlcd ba.i\.e ot etec..orc \e i..rcior\ enpto\eo :r f,-irrAlihtet alia conspjled 1o irnpl_v a donble mjnir.um potenriat for the molion of a sinct'cprotoû acrcss one ot the rhree hydrogen bri.lges in the guâiadjne-cyrosiie base.p;;of DNA. A subsequmt stirdy (6). rÿith state of.rhc ùa soph isricaiion t" ;;;É;;
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computing. pertritied corriderable refinemetrt of the basis set of etecÙonic s,aÿe furL,roD\ âod r.,merdl reconjqle§ 'n 
Senercr. tne cur§ rhrouel lne no.c4r ai \rrface ner'â:ôios ro rt-e noriol o, a .'iere proroq p.ro§. ore or,re À\d-oseô r,iaees ii ih;b..t-À

bâse pan were foutrd, on the basis of this computation, io ,i"* , 
"rlrgrc -r*,"..simullaæôu. io ioo o rwo Drorô1.. ,1\ol,:rc rqo h)d-oÊcr bri!ge,, i, d\oc,aleJ\!rtn a doube rrtuîr.r ir -or oleri,ar pc enl.rt erergy lclior .r lte c..e oL form(aciû_HcooH. (cncuhr) dimer (6); even the refineà compuratioûs l. i"f. (6t ;;;;.or Ljecred ! rt'c'enr'\ acl rrre b) lbeir "- ho1 ,o i.c jd; or erctude rte oo_itirtrr

ot.Lch a uolble min-hurn tor .imt rdreoui morion or rwo nroro.. r rne Olta Ur,e'.pan problem. Viewed consenatively, then conctLrsions rende; dout*"r a"y l;erà iÀ"_
ed single-proton transtùs in DN,{ by Rp an.l miùowave eU naiation. aitrrougn rieià_
stimulated prcton shifrs have be€n invoked (3s) in anàtyziig dieteciric satur;on ii
aliphatic âlcohols (31).
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EIFECTS Of,' MICROIVAVE IRRADIATION IN VITRO ON CET,[,
T,IEMBRANE PtrRMEÀBIUI-Y

S. BqtdÉ\ti, S. S.nisietski ahrl t. Moncîa

Military Institûrc oI Aÿjarion Nlcdicjic, Wùsaÿ. potand

-- 
Biolo€ic effects of nradiatjon of iivjng orgânisms with very high frequency eteciro_magnetrc wàÿes ÿere denonstrared severâl .

,r"i*.,,r," -""r".i,nl.ï':;;;;î"i,i"**. 
aso (for reÿiew. see ref. 3). Never.

î_B-",:l:,"1"*,.". ": ,olc (o.Juc,,\,1) ,r0, â;d .h"nsed ;"r..,.1 .,,î".,i1,
:l ::,1"":: 'll-:"'"" rrr d-e 'LcseJeo d' rhe phelore.a ie,a,og.o L,e er.",rrrer"rlqd âl,o r Ont, tes nrDe § t:,e æs r rUf,. re. on ,"eilec. or .,(rôsd\e ,r r..J:cr,ô I oi iotd ed *i , ;, .,, .. , r."is"-r'.J ;f .l:;,"-:,;:Dd.hcerjeL o, r'c-otrê\e\ta\e beer oelo,\,rd.e.l (t.. tô.In view of rhe above it seemed iniereÿin
rradiarion o; ;i;;J,;,;;; #;;'.'jïi,ffi"1,:,i,".:l,;'j::',:j"#j"ïI",ï
morpholosic structure (5. 12, 18) and funcrion fr3l srrouia be hiehl;,sm;;ilj" ;; ;.:a\r onotlryf"cro. teaJjrs,o.tânp,e. d,.,*,t n,., n.;",', 'p.",.,. ;:,;.", 

"::I, i..""."1 nerneabit,L\. rre o\p.a!e1e. o, p"n.,i,,,..,",...;i: ,. ;:,.îr'"cel JIèr rlLrd . ,o roe ü{urbed r.,.";, , t ,re ..".,.r",,.;.; ;:,;r: ,.ii;;"'jb) oreher permccb,,iry -o. ideer notec re.. r ,e $er,.u_Âu, .=" .,,.",i,_".i"i.
l::;"1i;;:1::- Dere' rs ure\I 

']e\epnelorena i' "r",",,.a.,,s.. à",,"

MÀTERIAL Àh,D ME]HODS

,rrlrlùo.)tes. l-irh.uc) (.sL-e tendr.n/e.l ,5n t.t mlr aôb.. \eno-iblooü by lenkjfu8âtrcn rn.l §r(hDs ,r s.t n
n,cno cauy .k; . ;"; .";;",.,;î'." ï.:.ll; ,ii; "l,i ;;t' :ff";:Xï::were rr"d,,,ed in rnrr.§dt. p."üetc..j..e. s..h Jor.r.uor§.r".""."r..i" 

",.". llr0 La +s,r "r r. 5 c,! .0 h\! J,,- r,owe. oen.,,.e.. . 
" .. ;,:", ;fl 

.:; 
;;i.;.".cet \L.pel.i^j. uere ,1adlred d,nrÈ .5. J0. o0. ,20 "r.o SO ,1, ,,*, j"_"_"i.-,,11

.i 1',"''r*. *' b,irg cr ec(rc o,r,rg rne "ro,e *,.- .,,, ",tr"*,. r""'..,"',i"ierJt5rô(v,te\ \lere stored at room temDerètùr

"". l," "orr"* i"g.., ..,;..ï";.;f,:.";i: Ii i rdJ '''o dno coflror R8('-'peD'
1. C.nceDtration of hemoglobin in rhe suDem

. 0.,:* ,s.,, *i," ..;î, ,;: 
^"::;";;:;ifl 

rar'|", -el 1,-8a, on ", 1000 -nr

''"i11Ï lïl'ii!:: ;n ".:i;"!, ['i;ï,1î ;";U..';k""iI:;"1",,,;1..î;,1 j,î"
\ ith Be(tnatrr cotorimeter dnd comDdre.t
solLrion of NaCt. - ro erytnrocytes suspended in a 0.1%

3. Potassium côncenrrarion in rhe sùpermtaft by ihe ritrarion merhod of pincussen (8).

eFFÊc.r-s 4 Hearü HAe4ÈsS
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171 s. Bt nïLi ct r!.

GÉqulocÿtes, Rabbir granulocytes were isolated from rhe peritoneal cavity 8 h
after an nrtusion ol 0.57, slycoscrl in sâline (6) an.l suspended jr hcparinized satine
50 LU.i ml). The slspensions wcre dilured ÿith satine to obrain 106 ce srr and ihe
"er!e,rd8e o g lro(. e. .". ., erteL oo s ides .La oeJ dc.o.urr9 Lo lte Vd)-Crul
ireld-Giemsa method. SùspeNions contâining at teas! 90% of mature graûutoctres
were used for further stùdies. Granulocyres were irradiale.l in r n wâll plexiqtas iribes
s rh \,rr Dr or, rL cn \\r.!. r' I o- 5 1 \\ .1 j drrir C t§. i0 coc u0.,.",", i. .".r,
casc :tt the fer field. h cortrol and iûadiated sulpensions of $ânutocyres the fotlowins
cstimâlions Iere performedl

1. Sulralital staitrins rÿi1h 0.1% nisrosin (6) and obserÿârion of the lerccûrâse of
stained (dead) cells in a,isht microscope.500 cel1s were coulried in each case.

1. r\ctiljty of âcid and alkâhe phosphârases and lysozyme (muramidase) in sù_
pe4''cr.. al'. ce1,rri'garvr d' {^0' r!..rjirÈ rr 1'. 1.". \r rtd.üL ruoe,,.
The phospkriases lvere determiûed accor.ling ro the King-Anrlsrong merhod (for dl)-
lails see rcf.6). lysozyme by meaDs of the tubidimetric technique of Litwack (4) bâsedoil\.\o )ornl '/elt4\, u. lt oJ-l ,.r'\. lt. d.i.ir'ec oi rtedbo.eeurre.
"ere .o no,.",l ro Lhs ..Lr . r 'od J o .r'oerbr,aor, ut I,erjrocrle< (t06 ntr tro,er
ard th.wed lhree tjmes ànd centrliuged, às above. Âctiljry in frozen,irhêÿed !uspensions
\ras eÿimâted as 100% ând the resulrs obtaiûed iû ifiadiated suspcrsions $ere exDress-
cd as a percentâge of the aboÿe raiuo.

PJsUI,1§

Hcmoelobio concenlration. osmoric resisiance
preserted in Fjgures 1 and 2.

and coDcentralion of pota$ium are

/irl. /, Colcellraror oI heûosloliù in rhe ÿrpcrnatûr of suslensions of eryrhlocrtes
diered üth micrutrrÿcs.

Inüeased permeabilitv of erythrocyie ccl1 membrânes ro hemostobù \ÿas observcd...', jer,-r.d'a.io1.r I au cnrdu.;r-u0m'n.
Osnotic resistânce of errthrocyles iùadiâted with microwaves decreâsed dnrins'r L',o- .r. I . be.ie rrle- alo Jôse.Jepe. teb'. D,-oÈ ..c -L L$o hou." o;
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RES STÂNCE

01530 60 120 rS0 nm.

,f,ig. 2. Osmotic iesisl.ncc of er14hroc,\rcs and conccnirarion of Dorassnrn

504

3 400

200

,,f

;'1
0.3

of cryllro.ltcs jriadiàled $irh ûic.owales.

nradiâtion at 1 mlv/cm, no significant ctrânses. as cornDared
uerÈ obceneo. {t'e' 120 rjr ot ir"Jd"r oD. rordl remot\\i\
0.J., NcCl. $hile ar hi85er po\er deo,irie, o.ror c re(;.1_rce
arter 30 minutes (Fis. 1).

to control solùtions.
occured already ar.

markedly dÈcreased

Chnnses in potasjum metabotism were the eeiiest otsened disturbânces itr erÉhro-
cytes irradiated with micro\raÿes. After onty i5 mh of jffadiation at 1 m\iic;,
po!ÿer density a significànr increase itr poiassixm cotrcentrarion i! rhc supcrtràrant was
noted (Fis. 2). The vâllres were ÿilr high.r âfter loneer tesrins jrmdi;tioû or afrer
irradialioD at 5 or 10 mwicme poner density_

A ndled ircrex.e ir .oe nercel,ate o, redd ù ",ncd qiq I sro.inr erxnuto.\re,sd\ ob.eheJ olriJ in ,l.r,.r.ior. ir'ad.reo J 5 rW cîj re. l, at.", - "O -i"' ..
radiation ât this power densir.v, about 80% ot granutoclres itroirea diffuse srairi"l

0 '15 3a ô0 Éii.

Fig. .1. Stainire of eran!1ocÿ1.\ irndiared wirh mi.roÿèr.cs irirh C.td,.
oI sraiNd cel1s pcr 500 ccllr.

00

36c

Ê40

=
:20

'"-.=-.A.
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I

*r.'e ,, . r.t..r.,o 1. -ê tb.e.l d I

,o!rle. $(re .14 ilo I ( t. . ,.., Ie Fu.ia .,w!(
rutroÂs, not irradixrcJ srth milro$a\e\.

A.':.,ie. or aca ",d ",.ér.,e ,";"",.,., "-ro.rre\ 
'-r. d. ,ed si | | |!,.(_.r, d e \ù I ror..ed

LYsOZYIIE

mW rr,r ùDt\ abour 2r -. uf ÂrJn!Io rhe \.'lue ob\cr\ed rr .uûr;l \..

in figore
u slrpernatant§ of gruu_

,;:]-

I

I

"i
"I
,l

,rf

uol-

,rf

æf

ai4. 4. 
^rr\n\ 

ut r. d . nd Jtl]line pho\ph.ûa\
:; ."'"'-"';.;,:" '',el n o, .

Af.rs r ùr'r mrn jr.x,laÛon \lrrh l0 Lm \a\up'o J''"'e'''r''",'-.".-"':"'-' cÔ^r' q)'' o re "r"'e. ,"" .-r",.,.;,. 
"r.. ",,: "b" 

. ;:'.* -L-e rbe'dred r'o) s'o''o'\re\c'' iô'rd
*e,e ,.oe-..e.r r-.m !er.. , ,.1e. , ,,. ",".,," 

nl, *n'1" ".' \ \ ur "'r,','e -r,.f, "ra.eo. .L'cDi.ô'd..e ; .;;;.:,.;_,:;.',9 
4, l'b(a,o o re1e, n"r,.

r'"dr'eu J, ;ü .; ,;',:'o'o"rr""rerluÔ''r'eÿ'\o\'!ire',,,n.o,.e."", -".".,,,. :,"," ;:;.^;:"".T:f",::,:: ",,""

DI§CLiS§IO\

lra-r or o,:...," 
";...o. e., ,,",.er,Ll ôrAfrer iI m,r rres LrdiJ..h''e ro$e- ,e,., \ ,âi J ,.e. .;..";":: 

" 

1 I ' -- a\\ .*
i,,. ..," - i ,,.^,',.";,,''' 

r"JJ'ed ro " " 'Le.J'.. d,o,rJeâ.e.r."r';";"-,;";":;,.1- o re''ea*o o, 
". 

(,. .e.,
ue1.i.e\. r , 

", 
,""., _";;.,;"...i.,i...0,' ". rei,;'o.'r -' ''e,.- fos..

', e%n', .,e .-,",. ei, r';\i'-.-:^-:;l rer io \e re''rd r' e 69'.'.1q1,
.n i',æ " ^. .r,\.o.oh. .,,; ". . .-; ..Ji"ij.: ::,,: ::"il;;':"1 J"" ::l.*as \een. $hile af I m\\ c.r: parnâ1tbùmr;ôi
neioi ob.cr.ed J,. 

= " ..._ 
". 

., l;.'o:",:j,:,,", \u,o e\e\ $. .,he o-,\ .1e,o

,l::i;;';ll:l .:":llÏ-"J.,";ll"* : r! e'ræ' o' n'''o,"'( '..dd,ôi or
',mpi e.De'' .err", ... .- ':;;; 

", 
.:',Ï 

rd be \cn 'o 'ee ' ô\ 'e r rt rre r,'
." i,.;,; ,..' '' 'ro sror ro'r'e r "i1" rre.e,'

orher ce,h (2. ra. ," e.-.,r""yi", ,*"ï -i":i,:ili ï ;1l"i,î,,#iî:ï,,ïllli:l;j

I
I
I

'
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Elf.t tÿ aj MicrDr nt. lt r.niùri.n tu lntu . Crlt \|e,rbru . p ntdutit, 117

in thcir in.f!h.lo$ ai(i fù!.ttôn rr':re f.u1rd (1,.11 Mùrolhrijc grerules conininins
1\'$scÈ.1 hi'd..la\e\, -ro.g thlr .ci.t!ho+htase and t_\5o4,ric. âa,.1 lpe.ific granlte:
coDra]r,lrs ilkalür; tht,iFliaia§.. Daqag! or rhe âboïe qranules resulrs ir trOerati"" .r

J. defe_..,g o1 \..harrct.r rid irrielElr! oi.eit inilit, (1. .1t. The amô!ùi of enzvmes liberaàct trom
.o: ': -. . 'o .' . b" . r . , :. ...e.,.. te-.,.r cer...:..r,. f.ciiltv (.i1. The rçrulij obrâ ned itr gÈnùtocles iiradlàted iii rlfu utir microirares
su-qeen à dlnaglng.If.cl ol iishe. poiilf oei.iiie\ (5 rnlv,cm)) to. 1ïlosomes. whiie

pho!p1kia!.1 i. lnùcLr :i!âll:r.
Où lLe ctir.r hetrd. the diltiirbed funcitoù oi errihroctle cel membranes w:!, obse .ed

âlread_r àir.r 15 minurei of irredixrion at 1 m\vrcn1r..Ihe iûcre.sed perneabitiry for
porx$iüEi i.rrs, obser,,ed uider rher. condiiions. secms to be rhe effect of rhe disrurbed
functioD .: thc sodinm potàstlum pump. Th; s,rÿem is verrJ àcilYe in errtLÙocytes (2')

KÀTF.!e),ir! rlen..lrrlted ii r.d uood cells (2t. { toneer iimc of ir;adiarior oi
ei!ihr..raes:r nl.i,,*nrê llêldr rlnrhed in dccresed.jno.tc rcslsrlnce ard nrcrerrd
pexn.aliliti ri cel! jr.rrirràrjr 10 heilogt.Lri!. '! Lrcse Dhenonerà ere Drobehh,rhe.r ,.-... ir .e oo -1. o. ..i, -r' o, -n a"d .5e ifr ot
an jrerrr.jLle nliur_\.ri rhs c.t] mcrnb.ane. t3à,ti.,s ro the deaih of cel1s. Uf,der
sinilxi c.i.litio.s lirC Ér.3 ol lll2Cjxiiôn l31t 60 in àt 5 mtÿ, cm:) abour S0%of gr?riilnct,ie! §horie:l sr.iiii-q lïjth 0.11l-, xisrostn. StainiirÊ wiih nierosin, ddeiv:.... ,, ' r.., i'> .1 .',,, o, L. l 'r. r\..rr -e.reâb:ti) i:
larse holcll.s à.d Llr i!-\itl!e ie,Ilrj sngse5i àn i.reÿcrsjbie inùry of thé cel

L ".r . ' 'r , .. ,..et r- ot -el, tr ,./,
ùirh micrcr,:trls âi lon tirÊrüi no{e. \lcùsities calrses jnjuy of rhe ceii memlr!àne
funcliûn .!rd tle cirlur ol pôksifrn îrôÈ .elj see]ns io bc lhe fiBi sisn ôr

'',.,::,.,',.,].Ô:
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Noltheasrern Radiolôeicat Heatth
Drug Adminisûâtion, Dctaitment

T_Lu-a r. B. .. I k,d'u:oe... H. r. L, t_,dor Ir.1r L ..r,o. ..o \\c . e. \\ .. .j, 
"1b."-

ASSESSn\IG }IICROIYÀ\TS AS A HAZARII TO THE EYE
ÀND PROBLEMS*

R. L. Cdrpdûet. E. S. Fetti ahtl G. t. Easan

- PROGRESS

-In 19.+8. Daiiy er at. (9) and Rich arCson er al. (i9) independenrly reporreJ .levetoDnreni

'dLr..,^D. §,b.eq.,er, rJ.e.Lr t," boL !v,,, ,eu rler ,,,1, q. .; 
"r";;_:;l.no\.l.de( o, ,te dc.,o. o, ,r. *,. rr ,., -." ;:' ;';.'J.J;resardins,re relarion or facrors such as Édiâti". r..q"","i_,-p""". i"";r, ;.".i:li:i:i . ,-*. , . c D. n -e. arü ,r r"ocuu ,erper"rure ro r rc c-e-eevore .rlo s o,. c1-i,.J. îe b"... "", 

,. -:.-::;;-.,,,-;,,,.:;:;j:,
âssociated !ÿirh microwà!e iD.luce.1 onâ{:ir;(,,bn,io,."1 r^,.n.,;i,.,:;i".;.J ;,.11 " 

qe e '-e.l
\lr,) ', e.r.,,,.. tle repor ed de.e,o.rer.o e. oT,...,e.4

:1 ,i: ".", ,",," . ô ,. 0,,H. .,:. r..,5.. -. r. i,.. i,l). lj'. !\,el ,te e\e ^". " -rr dr..,,.e ,,"_ ,,. ; .. ,-, ,, ,; ...-..:'. 
" 

. L.rd3. e-.rc,t \ t.rcoreo 1 , .e ;". " ,", 
.,"".".,,... . .1"\ ol,re teo,. Ho,e\er.\fei n'c.orq\e. \,re,r-r .1r..ed o-e..t\ b. ". L,,,".. ",."i, .ril,," l.apertùre in a diaphrâgm sàich termjnared; v/a!.guia; rst *i" tr," "J,"J,i"ii"a "".joI a dielectric irâvegùide tansirion t".-in.*f"trrr*'"-r.";;;t;;';;';ï;;i;;rorll'.,o' 'r'.5e, 

.re opc.rÊ. r,rcf Oe.e.,r- ,.". ,. ,._:";..'.rb":;:i;,Lorle\.c.lâ. .u,o-.\neri.e,l,l"r..-".,,,".1.,,0,,f .',"rn mosl experimerls invorÿine microwaÿe irra.liation or the eve, trre radiarion sourcewas a dilole artennâ backed bv a reflecn,r

:r:1. j;il î;;;!iil ;i, iü];:,::;ïi:.,i: :i: ]ffi jïi:"ff i"ïl;".,:ü
adjns on rhe c!e. A.!{1itiônalr_ÿ. l" ;.,"f ;};;;";;J';;;.1,.. bl! ',, re iable m--,

t":u;e"-' ila ;';".".'';; .";;ffi*'ï;:'::'i:i,i'i.Xiii"i',i,llfili;;i,àJîïll
nertorned ôr. !sin! jn\riunrnts. Dr!\r.Jrr.
.Dpr(dne u ,;.i ":,;..'; ;";";: """i i' il""i";i.:;ii..l,",,l,l"ll,t is rurle ro comlare rhe resllrs oî expe.jmenrs *.r"..J ; -*i:'àri"Ëi].JJ*torie§. althoxgh the attempt hâs Lreen m;dc ft 8r.

---ur-:i 
*,jo:", .eliab1e p.wq ir \yas slut fosibte io dcrer.ine. forrr si.e, o. .nur oi " "r ,., ,. .,;. ., "; ;;":",

.on. "- ei..,\pa...,.nen,,.-.;.,:.;..;:;li.::.;":
* Pr.s.nt.d tr Di. R. L. E(13r.

eFFeô.r-s { HeArü HAe4ÈsS

^244

\,.J}.{(? - D aolaéi;<._ .,€ t-!icr?o,r.^ ÿE R*,iÆ'iat.:



lrnrÿrg Mi..rndr.r .§ , a.atd ù th. Fr. 119

0 510 2c 3c 4c 50 6n
DL-ÊAT 0N 0F EXÊCSLIRE(mnulesl

?.l,, \r ....

. t. ..ho. r.-Rr ;

rl"e.e n, "o .1r'c r\.o\Ie p"r o t. 1,, rJ J,er J c i\e,tov.rg r,rc "_., D.serl-e.ioJ. o. ,.r ,J..1 o. . ,*. .,., ,.. h. .,1, e ir.;-_r.:.r, ; ,."ï':Althoneh darà de.ived jD djftereir tâbo;aturi

iabùaiories ând colerirrg sereral frequenctes 2..15, 5..1 5.5, 32, il_ro ë;;:ÿe.e sinilâr in shàpe. (Fig. t).
T,e rlùe.ruo. ,.e r^. , e .e.c s.. dt.J.pel''c.rnr ar! poJ.r .oï\.. ..... \n(t- .or.,,r,". . .,r -,.r""' .'loi..-"j"i.cata-b]e of productns chènses in tem rrànsn

:" ,*, ."",;. ; i,; i';,, : ' .,; ;.":ii,.lï.:.i: ":*'j....ï":.1"1:irtr"Jl.. l,-r r,.te(.r..,re..ead.,te,1r.e,.te". r..c..r,teol 
",, ," 

":.,.,iom.r or. q..e ....'t r r"l.. ,,I t.,. où.c .. rte e kor tJ "" 1"..;,:,,:;J -.,:rro,\e or dud,, e. er e... \ lL.ber o, ..Lh e\per:_er,. sere,;,;;:;;d,;Jid. ,n.eed. ùero"n...e u ep'.ode, or "dr.,i". ;i,:; ,"p;;; Ç ;; ;:; ;ïmanenuy harm rhe ten! ilhen e.Deienced

".., i. "". *,.,, ,'.'",..'"':.,il ::l' '* r'Jv cd'e "'ing 'r-"se
In our most recetrt eliperineDts of this n

N"." 
-2." ",J ,.,.r,i 

" 

'*iJË ;Ë'#*i:J'i:TT,i;A 1:.i,Jî",i:ii'ï1.fli,::
2..15 GHz. ùntinùos wa'e. one hour daly for 20 "";À;;;.i;,i.';#iiJü",hijârbitrarily as chronic jrediâtiôn. we sougti to find trre towesr po*". r"*i i,m-r.
'ourd 

molr coDsisten.). .o".. o"u"rop-"ni 
"t r"* "o"",i* ii,.'.";ii, 

':;';r":"":ii
exlcnments âre rmrnarized in Table 1.

The !ôner telcts rhere referred ro ,ÿere measured b,r- a Nardi Vodel 3100 elcctror iLe, r Jd,,'o, ,r. u,r,.,,e..i,è r."_ r,.."",.:ià.- " ''""I L,e,rc.rp.c orL,e?bb',..,.".i",.',":,.i.".,.,i,*^ii.,'in
he li; 'fe. i, rl-e le -La1.t . tualepre..,nr L e ï.,1e. er.tl s. ,. .* .. . ,,i,mdv Dor be i.cuate for rh( neir-z.nê f Ètn .

-.ir.eDobe Joe.,,....,o ".,.,rir:;:;;:,, "i :"f::T"JJ".. ;,.:::
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180 R, L, Caryenter .t a|.

Tàble 1

Lens opaciiies resù1ting ftom consecutive daill crpostres of the right
e,È ro 2.45 GHz iadiaiion

. ry' . P"rcetrt

50

9r.
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110
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10
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t0
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t0

20
20 21
l0

0
1

i
,?

ff
t8 3l
t1-10
i3 20 I

the various poFer meâsuremcnts are relative ând âfford a bâ§is for compârison amoÙg

Lens;pacities developed j]1 only 4 out of 10 experiments performed at the 100 and

110 mw/cm, leaels bot $'ith an increase in po\ÿer to 120 mw/cm?. opàcities developed

in 8 of 10 experiment!. A o e hoxr erposure ai this po\ÿer levet was tmlv sLtbthreshold,

for when tested jn seren experiment§, ûo lens opâcilies resulted (Tâb1e 2). Ten anesihe

tized labbits were subjected at the sane po$'er io siûsle ealosure§ ràngirg ftom 13ia tÔ

5113 hours ând wilh only i\ro exceptions. ûo opàcities were observed in the lrradiated

eyes neù1y â l'eÀr lèter.
When the eye is nrâdjated, it is â m.tter of da-vs betore the first §i8n of opacity

lormation is seeû as disüetc smalt grânule§ scÀitered alons oi near the Posterior lens

sùture. These smal1 opacities erc the end result of a comPlex series of eveois idtiated
wjthin the lens \ÿhen it has absorbed microwàve po$er' Il is importatrt to leârn what
happens in the lens düing this latent perlod: fortunatelv. â start has beeE made

Trble:,
Lens reslonsc resùltirg f.om single continùôus exloÿrr.s ol risht ere to 2:i5 GlIz râdialion
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NIerolâ and KiDoshita (17) ând Kinoshita et a1 (14) made biochemicâl studies of
rabbii lenses removed at different inlervals fo]loÿins câtàractoseûic exposure ot ihe

risht e)'ie.'lhe first identifiable charye itr the lrradiâ1€d 1ens. occurrir1g after 6 hous
ând beforê 13 hours post iÉdiàlion. wàs a decrease of ap!.oximatelv 23 percent jn

lens âscorbic acid. This chànge look place some dàvs before the firsl sisns of atr

opacity rÿoul.l have been seen. 'there was no chànge itr the ascorbic acid level of
the aqxeous humôr and whef, isolàted son irâdlated lenses \ÿere heated io thc same

temperature ard for thc same pericd of time as lhe lenses of the irradiated eves

experienced. the ascor!ic âcid conceniratioi remâined unchanged.

ÿ." u-.".r"' atrd Cogàn (24) emplovcd âutoradiosraphv to inve§tisate the efleci

of microÿÀles on the lens epithelium ând foutrd that in lenses which had beeû exposed

to càtâ.actogenic doses. there occurred in the epithelium an i.nibition ot DNA
svnthesis anà a decrease oI mitotic àctiYitv. This inhibition ÿâs most mârked in the

piriod or one tô îiÿe days foll.ÿitrs iiradiaiion, after which recoverv srèdualil' rook

;lâce but not unlil two §eeLs afler iÛadiaiion had DNd slnthesis and mitoüc

actiÿjLy retùtred to flôrmal.
It hà! aheadÿ been mentiorcd that mo.t of thc reported erFeriments otr mi'roÿave

induction of le;s opàcities \re!e perfonned with the eve in the ûeff-zone field, where

the radiatioD pattern is comllc'x Àn.l measurement oi Power densjiv is not â reliable
prôcedure. Tlis objection does not alpry ro the far-zone field, where è properiv

designed an.t càlibrate.l instrument power densitv in the field exac v
Rheie ihe enimâl's cye vill be subjecte.l to irradiation. However, other problem§ arise'

One À that 11liile the eye âs the target orgèn i§ being irradiated. the animâi is ât

ihe same time being subjected to shole bod)' iradialion and its polsiblv lethal effeci'
Ànother problem is thât an object in â microiÿave field, unless it completelv

trmmiis oi absorbs the enersy incidetrt upon it, will tetrd to periÙb that fietd This

field perturbation, in tun, mây Profôutrdly altcr the power densitv incident ot the

ere. io ascertain the ertent to wlich a microwale lie1d mighi be aliered through
p;rturbârion bv ihe bo.ly ot a rÀbbit. we ünderiook some experiments, üsing a Ndda
-N{odel 

Ei00 Electromagneiic Radiation SùNev Meler (1), which ha§ a cvlindricat
se$iig probe 2l mm itr .liâmerer. Radiaiion was 2.45 GHz frequencv, continuons

-."", f*-. 17.3 db- nandard gâif, horn into ân anechoic chamber 2 m hi8h, 2 m
wide ed 4.15 m lons.

With only the probe in the chàmber, 150 cm a\ràv from the horn, power was

adjusted lor a reâditrg o160 mwlct1, on the survev meier. The probe was then placed

in exactly the same position but âfter it had been pa§ed throùgh the head of â freshlv

sacriiiccal rabbii from ÿhich both eyes and !11 tissues betwecn hâd been removed. The

râbbit ças then posiiioncd in the chamber âs iî for i àdiarion, with the sensiDs pa.t

of the probe whore the cornea of the right eve ÿox1d haÿe beeL With no chànge in
traNmiited power. the mcter readins was now onlv 15 mw/cm' The pre§eEce ol
the enimal thLr5 so perturbed rhe field ihÀt the power deDsitv at the position of rhe

eye was .educcd bv approximatelv :10 percent. This meâsurement was made with the

ràbbit's eà.s in their nôrmal crect posirion Wheû the ears were fastened down again3t

its bâck. lo\rer densii), chânged 1() only 21 mlv/cm:-
fo concluct a more .letailed stLrdy of rhe effect ot field perturbatior' §e desiSæd

ând constructcd apparatus fôr scamirg and coùlinuoltslv recording power densitv

alcns any horizontal iiæ acros the wjdih of our anechoic chmber. Bv recordine
e sùies oI such scans sepdated 2.5 cm in the vertical plane and ûân§ferrilg the data

to graph paper, we côùld con*ruct â plot sho"virg equal power contours for all or

any pdt of the vertrcal plde. We fiBi scanned a vertical plane one meier square

and i50 cm distanr from the rndiating hom. The transmitled los'er wâs adjusied to
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Fig.2- Conrours ol equâl loier densilJ io. â rciticat !1.rc one meter sqùrrc jtr â tree fieid.

9 1\ .,-. "' rhe Le rp. or | !o \1de r, .. 
.rr _c p.âjrc ed ae.1... -.cJ

\!r eri no\e. ..o,lo ,.s ,l.Ifeirrg b) ) m\^ -ïr s, -L
these scrns, rhc resultaùr ptot (Fjg. 2) represented tfr" p"... ,trtr:t"tt",i .r , "i_.wave 

_under ttre âpproxjnarety free fiel.t colditions 
"t ",. **r-i. Je;;-ï,eent,,edâ.r-cre.) .,s.,.r,.,.o...., iJ,ircj.r/.,.,d"";.i.;;-,;,,".il,':r, ._eel"r h.,,er'r.i t'n\\ rnjd,LteJ-, e.,. ,.\i:; ",, ;"";",;^"1vi e,. t e p o.e.. {r. re r. reJ or rù . ,îr .J".àre.t ,","- 

" 
, ; ; .' .uit,iiJ""jusr.behind u,e vcrticat scanning p1aûe, irs rjght 

"y" 
; m" *;,r,'1i,"-*,iJi" iiiiltleld. the reÿrltjns ptor i!às quite.tifferenl (Fig. l). lù ptâce of the lt"-."r.t""t ,,."*gele', d'o,-r a rL, nw r.r cer.-.,r .ee^rls,., r,.p,,r"i 

"r,,"-,r''"'l 
L,'".'ooe.,u Jrrer:rc po\.-.:er,.ie,. ir -oor ô ,,' 

"-..,i;;;;-';,:1,.;:lJ0 mwrcme a 25 perceDr jncreàse. whel ihe lame -;."r *^ ,"".,"a i" ,iJ **.TtJce,d'r r,e'rr$i,,,.rJ,s",.,."" 
";; 

.;;;,.-;",";;:
'$r.'rC ol.t sas nt 'r-eJxâr b, lte p,.lei. L.. Jirie.enr (t À... p,"er Jen.ir.
,:^,.:":..-ll"::""1],':''60.l\..1'3D,e.e'|,1eJ'\etue \\ lh ,be eâr. Jn\r. tt.. pd.rJr I ut re,d per,r -b r.or ..ereJ
conducile to r.dlcins rhc hazarC lo ihe eyc, âs compared to rhe situelion wheû rhcI L"rrJe. .i,Lr. r.rJile§ 

"...,..,r".,*.,,.",,""-;"i:sd\ pJ.§"J rDr.' gr TJ *rJ ro r-rn -e r ,e nrue. uer.:rr ., ,t" rt",. ., ,i;..;"""'..uu.r,odee.n,1eo ..".,;_.""-..".,p...,;::.'.,'p;:.;,';:;,
lll.,"'.,,r.r Dorr.r.ri(.+,fer..b.rre,,e,r,.".,;,"".., 

"-;,".,,;_l;;".:,we d,c'o..ed ^.orcr ue rtaL r^üer Jer.r .hor.J bJ rcD , r.r ôn.I ker .i ,l.e -du -r on , eld rtere t c erne:rn er. , ," bi - ; ,,.,;;
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lris. J. Coriùùs ol cqtrl È,ner d.nsitr r,!de ladcr thc lme coidtlioli as lras lisure
2 crcelt 1.. lhe prcserce ôt 1 râb! t irn h.lird ihe fterùr.d FLie The arLiÛâ]'s ca§ rere

.}..e!1.|i]',-']

4i3.4. Cortous oi eqx.l noler ie.si\ mrJè.s in figur. I ôu iilh lLle .i.qbit\ ca.s held
lh! xgainsl tle irodl.
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ând made in the absence oi â!t perrurbiDg faciors, irch.ting ttre lxperjnenLat ânima1.
?he sizc. shape ârd orientation of rhe animal are uûprcdictrble Taciôri.

Unfortunately. r'e cannor lalidly ext.apolare !o man rLle resxtis ot animal experjm-
ents. Elren thoush a rime-power rhreshold caD be esratrliÿied ior the njduciion of
opacities in the rabbit eye, 1!€ cênnoi asslme thàt the sàn1e coùdiiions ÿiI orodùce
a '.,r'L- e r3\r I a,oler.p^ie.. \. .o.e rv e...),o r,.r1 tt.l
po'ù. -. . .re.rrl ff,iir\ ro L. erre.'. or =iru\J\e. - çe tc,e ro :.,o,n-riàn
as b rvhelher thir r;idiatiLrn ofl.rs a srealcr or a te$er hazar.l to ir thân 1() the
râbbii e,ve. W! do n.r know how ihe hlmnn e)e in,.erâcls.rnh the miÙora\c fiel.l
or h.w i1s response to jrÉdiailon maÿ be atiÊcte.t by fiold penurbâ!;ons .:ured bÿ
bcb.r .\e.Jor rlc o r.r'o.n

Oùr rrosl insistent problem! âre iù the tiel.l oi dosimerrv. Dospire th! n1an! inpro
rements in the reüability ôf electom.enetic survey merers iùr rh. erahaLiôn of fietds
external iô rhe body. rve niil mûs! hope tor àû jn.ttrument iutiicierity .rùiâiùized
so ihàt ii cail bc implarteo jn llvirg iislue. ard rlere rneaÿù. lieiJs and àl_\ôrtred
tower wjthorli modiiying rhe iield.

Às oi nôrv. lve do ùot knon of a case in *hicli ni..or!.re ràdiâiion hxs b€eD tilc
proren cause oI a humen catârâc!. The fact rhat a m.e C.!e1o!s ponerjor sÉ.âpsutàr
.3jâroc' . a .d rhr. dl .or-t: .,-J ôeer. o.
erposed to nicroiaves doer nôr automaticall! esrebtidl a ceuse and effect relatiol1§hip.
Câses of presuned microwaÿe caLiract hale be.n reported in rhe lirerai.rre (2, 12.
13, 16,23. 16.27) but in no i.stance has côtrvlncing elidence bee4 offere.l tliar mi.ro-
\ÿaves wero aclually the c.rBative asent.'jhis È noi rô de y ihe postb iiv ihÀt ihêy
coùid have flayed thàt rcle Lrut sjmpty tc pûini ôui thÀr rhe,lLtporrinj eridrnce
whlch IDS bem offere.l does rol neceiâii1y leÀ{i !o tliar corcl!5ior. Ir, r\e rjs,.5§ment
of microwâle re,.iiâLion as e harârd io the h,rmr,r ct È. -rê .ro!i e)ipecr rhàa :r\r âftenot
,o.-'abl .'. '.r ,.p r,.! .. . .,r- .d
l,u.ar c..... I -rco..'e'.:i.'J l'.. ''e .'-..i.,'ir.
scrutiny êccorded the!. cxses be ro l:sr de aniltrg rhar rhât apptie.t ro coùctusio$
based otr aajnel eiprirentÀtloù.
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EXPERIMENTAL T{ICROIVA\æ OCULAR EFFECIS

B. Apphtot
Olhthâlmology §crÿicê. Wâlrer Rccd Amy \,{edicàl Cetrrcr. WashirÊron D.C.. tr.S À

Aibino râbbits ÿere erposed to microÿave radiâtion of
eaper;mental conditions: acute single and chronic multiple
frequencies (1700 MlIz an.l 1000 MHz)i aneslhetjzed ;nd
exposlre oI the head or eyes onty and exposures invohins

Tabelr 1

One-J-'eâ. I.nlow ùp ot sinetc micro*,ave €xlosùres

the eyes under larying
exposures: two different
ûnânesthetized ànimalsi
more of the bodyi ând

Acute <Êt.ctr Chrônr'! e{rcrts

0
0
0
0
0

0
0

1

3

3

3

3

3

3

0
0
0

ietnal

0

N lz.rrind irLrir rxLbns (s1bl

Iâble l
Onc-r'..r lollora-n! of lilc cônsecntir. dajly ceosu.es

0
0
0

3

2
0
0
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pûked as weu as continuoùs waves. Ir addirion, power density of levels vârying ftom
25 m\llcm, to 500 mw,/cm, were used.

Â summary of the resulrs of these eaperiments is containe.l iû Tables 1 rhrough :1.

Tàb1c J

T{o{tunur follo$-u! ôl multiple ûiuoqave èxposùres

5

5

5

5
5

30
30

30
30

30
14

0
0
0
+
+

a
0
PSCI
CAT,
CAT,

Table.l
Two-moirh follô§-up of mùliiple hicro*,ale exlo$rc§

5

5

5

5

30
30
:10

30

30

0
0

0

+
+

0

0

PSCI
CÀT,

In addition, aù experjment tu which seveÉ1 mbbits were exposed simuliaæously
tô 25 m\ÿ/cmt to ihe ÿhole front of the body resulted jn no de.ths ând Do ocùtar
deniâge, but the same experiment perfonned at 50 mw/cn1, refllred in dcarh of âtt
the klrbils so erposed.

DISCUSSION

In wôuld be ailtually imposible within the rcso!.ces of any ot our presenr Intcro-
!ÿeve re§ca.ch fâcilities io explore experimenlally all rhe conbinarions ând permurations
of these variâbles: 1) number of exposures, 2) du.ation ôf expoNres, 3) \yâvelensth,
4) power level.5) dutÿ cycle,6) head onlti vcrsxs ÿhole bod) crponres. ând lpêcies of
crperimentâl alrimal. \evertheles. from the data et hand. some reniarive conclusions
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CONCI-U§ION§

It atpears ihet jn ih€ rabbit the lerhal po$,er 1eÿet is some\rhere betweeû 2j 1xw/cm?
310 i0 nW cr r if rle -orr or oûe .,de o- . ,e .1im"t i. :rdidred. BL, it rhe hôrl
r. p_o ecred b. shreldrB. or ir rle radidr'oo \ dr-ec.ed "r rle head o1 \. ,he .bre,holâ'o. ocu ar d.'Tase âroedr. ro bê d-oJ. , r 0 m\v Lr"j .r d rhe ...,1" ", ,r.," .,perjments appeâr to offer little supporr {or the hypothe§is that repeare.l sxbthreshotd
exposùres cause significant cMulation of danase. It atso alpears from rhese experi
ment§ that Êxpo$re to power levels app.oximaielv one order of magnirude below
catamctogenic leleis is sensed as an extremely noxious srimulus, probably thermal,
causing the ânimal to s!.uggle violenrly. to remove jrsetf from rhe field.

'Ihe few itritial observatiôtrs sleaneC from similar exp.dmeDts using dogs (just
r€cently initiâted) appear to be roughly in .tua itative agreemenr with those from ihe
ràbbit experimeflts, indiciting an encouraging similÀrity with respect ro microwave
oculâr elfect between the two exferimental models of the hùman case, despile their
species relâied dlfference! tiom oae another.
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EFFECTS OF MICROIVAI'ES ON HIJT{ÀN LI1\{PHOCI.TE
CUI-TIURES

W _ S t ô d ô1 ilik - B at aris ka

Instilute oI BioshùchLrc, Medicai Àcadenr i, \va6à\ÿ, Sarsaÿ, potâad

Nmerou! reports iûdicate thàt microwave exlrosure mây induce changes in the peri
pheral blood picture and the hematopoietic ststem borh in matr (2. 5, 9, 11) ând
in e\rer nco,-l .n-o"'. {2. 1. 4. o. | '. r, . ro .d be r-e+ed lbar 'oog .e-m. o!ÿ do,e
exposure mày induce peripheral bnpho.yiosis. siimulâtion of bmphopoiesis aûd
ânomales of nucleù siructure and mitotic alrnormalities iû 1lphocytes ând er],,rhJobtasls
in sujrea-liss and rabbits (2. 3. 1, 6). In \iew of these data ii seemed inreresrins ro in-
vestigete tlÈ effects of exposüe to miùorÿâÿe radiarion on human ryrnphocytes cutrur,
ed ;, rir'o, with or without âddition ôf ph-vtohemaggturinin (PIIA.).

MÀTERIÀL

Peripheràl blood ],vmphocyte sxspensions. purified jn ptâsric contàinels (S), were
ircubated jn TC l9t \ith 2% inactiv.-ied câlf scrum. Tho experjments were carried

In thc lirst series ll,mphocytc cuitures \rithout PltA ÿere irrâdiated jn iivo groùDs:
l. :l I .hr . I n.\\ I rj aurifg 1ôr. rd,.,
2- 15 nin da;ly at 20 mw/cm, during 3 or 5 dâys.
In tlie second series the effect of niorowâre exDosùe on pH.t tranrioimed jvm-

pbo\i re. {o\ e\dmin.d. rhe e\perir e.r' oerrj c"fiieo o ;n rbe rouoq'ng g.oup..'
1. Lymphocyte culiures follovÿing 66 h jncutation \rere iÛadiated at 20 m\ÿrcn:

to '. I0. ,'. 'u.r'n' 1,. "rd 
r ) 'n finr'e( s .l . ta -, ii,er.dl.

2. Lymphocyie cultures following 64 li of itrclrbarton were i adiàred 3 or 4 h â!

3. L_mphoc)te clltûes were expcsed fôr.1 h daih dûrine 3 dâ]s ai 7 mw/cmr.
4. Llmphoclle cultures were expôsed 10 micro\rele jrrâdiatiôn for 10 min ât various

incubation perjods: immediately afler prepararion of the cuirure (0 iime) as weI âs
following 59. 70 and 71.5 h ot nrcubation.

TIETIIODS

Lymphocyte cultures were exposed in a ptesric rhernostâric chamber (constant iem-
perâtwe of 37'C) ât 7 m\ÿ/cm, or 20 mw/cm, to 2950 MHz pulsed nicronâves
(1200 Hz, 1 us) usine a horn antef,Da. Behind the exposure chamber an anechoic screen
was plâced, to âvoid reflections and interierence. The po\ÿer deûsity of the bem and
the temperatùre of the incùbation medium ÿere conrrolled .lurins each experiment.
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The lemleraiurc of the mediu.l remâinod conslen! during 4 h at 7 mw/cmr, âr
20 mw,/cm, ir increased after 15 minures by 0.5"C. protonged irradiariôn at rhis power
densitl ceused afrer 20 minutes an increase try 1"C.

In all experi.lents of the second series 0.05 mg of colcemide per i mI me.liuln was
added followiDg 66 h of incubation, and tho clLtiures werc harÿested atlcr 6 h frorl
the moment of colcemide addiiiôn (hyfotonia, acetic alcohoL fixàtjon, Ciemse ÿâin
of air dried prepÀràtionr.

RESITLTS

\.1L-.{.\e e\fo.ue Jr 20 ,$ cn: i.luretct.rge. , rte i:^.'c;1oe\ s\i.t
depended on the exposxre tinie (Tab. 1). 5 min exposure djd noi influence the prcpor-
lion of diüding cells slishr differences comfared ÿirh controk !€re obsened aiter

labtc I

Pe.cenr of blâsloid forms, lrmlhô.Ites rnd.ritotic jrdel in dclcndencè trom cxloslre 1iûÈ
û 20 nr\V/.rhr

79.0

t0 Ii
9-16

l0 78.2 4.5 t1 11

15 7i.8 6.3

20 3.0

1.0

(2X20)

10 atrd 15 mitrute exposûres, significant differetrces Nere seen fotloNing 20 ànd.10 lnin
exlosures. Similar results nere obtâined following 3 or 4 h exposue at 7 mwrcm,
ât peiods latcr than the 6'{ih hoùr of iûcùbation. The mitotic index wÀs approximàtely
§ro iines higher in irradiated samples than in control ones. This effect becàme
notlceablc h clrltures iÛâdiated doring the 5rit hour of incubadon and was pronoliced
in cultures iùadiated after the 64 r hoxr of incubation (Tab. 2). Irrâdiation afrer
70 or 71.5 h6 of iûcubarion influeûced the mioiotic index only jn a lery slight degree.
Elpoÿrre of llrphocytes al 20 mwicm: for verious perjods of timc iirduccd chanscs
in nù.ibcrs atrd structure of chromosoncs $,hich depended on ihe durârion of exlosxre
(Tatr. 3). Only slighi differences from control samplss were noted after a 5 mir ex.
posùre, more pronounced change§ \{ere seen aftcr lonser e:posures. siickiDes of
chJomosome arms (Fig. 1) aùd aneuploidy were observed. Hyperploidal celh Èp ro
85 chromosomes were encolntered. Figure 2 shows a hyperlloidal (about I N) ccli.
Dicentrics (F_jg. 3) ând chromâtld break! (!is..+) were also seen. Ii should be pointed
out that changes in chromosomal morphology suggesti.g cha.ges itr spiraljzation §ere
the most unusal findins (Fig. 5) Similar pictures were observed in chromosones of
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T,ble :
Perce' of b'aqoid rn.F\. tr, phocJ.e. :Dd m'.ori. :,Jc1 oIJaitra tO m.n E\D.. ,.

a. t0 F wtn,j du nd \"-ou. .- .b_Ùo- periJo.-

4,0

5.0

10.0

9.0

3l.l

Table 3

Delendcice of chromosomal atcratiors on eaposu.e Limc. 2C ntv/crnj

l9l

7, Blastoid
(M,I,)

73.0

59

64

'70

11.5

€FtÊc.r-s { Hearü gAe4Èss
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iffadiated rat kangaroo cetls by yao and Jites (il). These auihors catl such changes
''eiectromagnetic degeneration of chromosomes.,. phagocytic forms containing nucl_u
ïragments or phagocltized chromosomes were encouDtere.l. ltoreover fragÀentation
of nuclei aûd nuclear vacùotizatioù were seeD_ Cerrain pictBres reca ed ce1ls; amitosis.
Nùc1ear bridses were also nor infrequeûr. The highest number of chromso,tlai
aberâtions rras seen aftff exposùe during rhe 70i! holll of incubâlion. In this imtance
the number mitoses with chJomosomat aberrations reâched S0%.

The experimeDts demonstrated thàt miüowave irâdiâtion ôf pItA siimuiated hunan
bmphoclte cl]ltl]Ies at poÿer densities of 7 mur/cmr and 20 mwicmz caùses an
rrlreJ.e In r\e rilor.c;ndex a. coû,pc-ed q:rh coolrol .dmple". A deDendence ber\\..en
lbe \aiue ot rbe miror c iode\ ùd dr"rioD o'e\posrre seem\ 

'o "ii.,. tt ,touta U"
stresed that iÙadiaiion of llmphôcyies without pHÀ additioD induces rhe appearancs
ôf blastoid forms aDd macrophâge like cels (Fjs. 6).
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