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DETERMINATION OF THE ABS_ORPTION OF MICROWAVE 

RADIATION BY .A BIOLOGICAL SPECIMEN IN 

A 2450 MHz MICROWAVE FIELD 
':' = r 

DO.SALi> I. lltcREE 

National Institui.c o£En,ironr.:cntal Health Sciences, P.O. Box 12233, 

Research Triangle l'ark, North Carolina 27709 

{Rei:,w,d 16 Ap_ril 1973; in rev~edfarm 1 Augtul _1973) 

AbStract-Research into the biological effects or.microwave radiation has expanded over .the 

past fav years. More detailed and complex experimental work is necessary in order to assist 

the rcs:p0nsible agCilcics in setting safe l~ls of exposure. I~ i! import~t that dlC .amount of. 

energy ·absotbed by th.e biolc:>gical st,ecimen or the dose to the specimen be accurately deter­

mined.. Unl"css this dose parameter is known, the results· of the Study, will be of limited value. 

This paper Provides a ~cchniqu~ ror determining the energy absorbed by a biological specimen 

in a labor.itory situation. The ~me-temperature profiles were measured by \!Sing a thennistor 

which was tested for ita micr(?wavc field illlicnsitivity. A mathematical technique for determining 

the timc-tcmpc-rat~rc profiles for CXposures at any power. density is pTCSentcd.. 

INTRODUCTION patterns;. this failure to quantify. the results is 

\.\'"tTH the increased use of microwave radiation not. surprising. · Any future bioetTects research 

in domCStic and commcrical ovens, conim~ni• · 1nust.havc acct.irate measurements of fields and 

cations, industrial processing, ra·dar and._medical doses to ·the specimen in· order to provide in• 

diathermy, and therefore, the increased potential formation which can be used to set safe levels of 

for·ex):>Osureoflarger·segmcntsofthepopulation, expostlre to microwave radiation. 

~-
. research into the biological effects or possible ::--ot any single· detector or technique for 

health hazards has received renewed emphasis. determining the dose to a biological specimen 

In order to set safe levels.or exposure ,,·lrich ·will will apply to all e,q,osure situations. Parameters 

prc,·ent .harmful CfTects tb individu~ls and not such as (rcqi.J.cncy or wavelength of the radiation, 

unduly restrict the beneficial usC of n1icrowavc whether the field .is continuous wave, pulsed, 

r~diatio!', wCU designed, quantitative im:.•esti• or modulated, and the shape, size, and char­

gations are essential. · actcristic of the biological specimen must be 
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A largC an10unt of ~search into the biological · considered. in the cxpcrim~ntal design. This 

effects of 1nicrowa.ve tadiation has ' been · paper presents a tcclmiquc: for c\·al~ating the 

done,ll-3> Due fo ihe lack~£ accurate measure,. . dose to small biologic:ll spc.:imcns in the 

ments of the energy density of the microwave laboratory when exposed to a 2-!50 ;1.lHz CW 

· fields and the energy absorbed by the biological microwave field. The detector used. is a ther• 

specimen, much of thC information is of Hmitcd mistor which has been tested ror its insensitivity 

value for determining safe exposure levels. The ·to this 2-150 ll!Hz. CW microw,we field. A 

failure to adequately quantify the invcstig;Ltioll$ ·a1athc1.natical description of the results is 

has resulted in a disagrce1llent in. the SC~cntific .prc;:sented which provid<..-s the capability o~ 

community as to whether there C."-ists ·h_armfo.1 dctennining the dose at any power de11Sity after 

nonthcrmal or specific effects, or if all harmful .n1easurinfi the time-temperature profile at one 

effects are thermal in nature."·., Since ·the . power density. 

measurement of the microwave energy absorp· 

tion is difficult due to the interaction or the. EXPERIMENT AND ANALYSIS 

microwave field with th_e m_easuring device and The microwave exposure system used in this 

the possibility that the detector when placed in study generates a 2450 :MHz C\17 11ricrowave 

the specimen- causes· changes in the absorp_tion field and is described in Ref. 6. 11,c system is 
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DETERMINATION OF THE ABSORPTION OF MICROWAVE RADIATION, 

S Id• vf•• of the s_)'lftm-

· · Tho,mla;., · . ..,_, 
Ple•iQICI S~c:irntn . ' . . . - ''.-' - I -

. ·. Brl~•d~' -Shield•d.t,cq 

. fcr-etfl~.~btor·-: • • . ~~~;:;~ 
, .1camfh-{J · · 

FIG. J, Experim~tai ap0SW'C S)~lcm consisti -of"· an absorbcr.r ed_ . . • . 
. min~tor. ~e .s~cn ~ • 5 ~ sa·mple or dis1i1Jcd wat~~n ~ =~::. t~'::: ill~ 

cap.'"lblc of producing a J)O\~·cr density range ai . had an u er li "t ~ 1 . the ~pecimen of 0-500r~Wfcm• over a 6in· .resis.tors PJ' c ?11 . O,O?OO. ~.1csevariable rliameter circle. The sourCe of the radiation ~ .strip-ch~- rc:~ncu~~ wuh th_e scales on the a n:iagnerron aru:I th!! Tadiat_or is a pyramidal systemtoan· ~a 
0

~~d.a_d~wtment_ofthe horn. · . . Y sctlS.lllvity. The sohd state 
. The cxperime_nta1 arrangement is shown :in ~1:.::~~~dc~=er arid bridg_e circuit were Fig. 1. The sim_ulatcd specimen was .5 ml of h" Id h fi . pper screen wire enclosure to distillNI ·water in a plastic•tcst tUbe. 1ne test .~:nec:o::r rohm any cxtra?eous ftcfds .. _The tube was suppor1ed at the top by a ple.•dgla.s :thC microwav tfi e lest thennrsto? we~ no_t•in trst tube holder supported by .:1."plo:iglas frame. : . .1 •· "d e theld but plu~ mt~ the bndge 

The detector used tQ measure the change ~n ::i.or'::e :est ~csc-,r~n w1~ '?closure._ The. temperature was a thermistor ,vith a O 15 in O 20. d' . ~ stor '"~ inserted mto a btad. Th~ 1hcrmi1tor w_.i.s tested to dct~i~. . t •:~ iam~tei: br.ud~d .copper shield which 
if there wcr-c interaction effects wi1h the miCTO-- ~ en Th . ~o '~~tlun rn·o mc~cs of the thermistor '-'"ave fidd, or irnrtifacts were·produccd by the· 

1
P: e_ rm ~ copper shr~ld tmd the copper p~csrn_ce ~f the thermistor in the simulated :::~ wire enc osurc \\-c;r:e. grounded to the b1olng1cnl spr:-cimrn. The tempcratui-e d :tect' er ground 

50 
that _all components hnd a sptcm is shOwn in fig 2 · The fi c hann comm?U ground. The power densilV at the test 

misror wa~ "identicnl to ;h~ test th;~~:: t.;r· . ~e;;;;Slor , .. -as set :1• 100 mW/cm
2 

by ~sing ,he ,·_ariable rnis1.-mccs in the bridge a . . ie . ~1•00) 1)0'\·cr ~enstty meter and probe (model rrangcment : The bme-tempcrature profile of the 
themustor placed in air ai the specimen Jocation 

"""'t" 
-·---·.✓-.---;.. 

~ ::;:~;z/ 1n .. ""-~' 
I ' ... /I I Stt<p•<•Gtl ~---r~~ .. /~.r:.~::L__ 

FIG. 2• The thttmis1or readout circuitry in-- · 
c-lu~NI a bridge arrangement with ,-arinble 
~stor, to :tdjust for maximum SCJlSitivi • 
Th~ output from the bridge circuit was rttord~ 

on a stri)>Chart ~rder. 

is sho~ru in Fig. 9. · The temperature. at the 
t~!stor tip were also measured with a 
precmo!l ~crcury thcrmomc_rer ·immcdia1cly 
after the microwave field was tcnniru:,.tcd. These 
temperatures are shown in Fig 3 and agree with• 
in _O.I_°C with· the v~Jues ~casurcd by the. 
!hcmustor. Therefore, the tcmpenuure rise at. 
the thermistor location is a real one and not due 
to the specific heating of-the thermistor bead or 
an :irtifa~t caused by the clcctrom~gnctic inter• 
nct1on with the lea.ds. The rise in temperature 

, · at the thefflµstor location was found to be due to 
!he heating of the.absorbing materfo.J surround• 
mg the specimen. Jocniion arid its irrndia1ing 
to heat the cavity space. 
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\-----24.2 

Time, min 

fie. 3. The· timc-temper:i~urc profi1~ for ~c 
th~nnistor placed in the microwa\·e field with 
air as :me ,urrounding medium is p~csmted. 
tmmediatclY after th~ power .... -as tcnnmat~. a 
thcnnomctcr v.-as plac~ at the_ thermistor. 
location to check the, thermistor ter:npcrature ·. 

i•R.om~•z,l"C 
p'.r:,omWkZff. 

T,f!I•. min 

F1G. 4-. The C001ing cun•erof-thc _spccimc:n.Alltt 
~-micro"·a\·C:S were cut off were measured by 
\-arious- techniques in

1
ordcr to detrnninC i~ ~e 

pn=scncc or · \he thcnnistor in the spcwncn 
. . . caused artiractual cfTcc~:-

Timc..:.tcn1pcraltlre profilei_· for exposuf'e to 
different incident p-ower d~nsitics ,~ei:e recorded 
aftCr the C,-aluati~ of the ,·a1u;lity of our 

Gl,vm has s~O\\'n that metal. c!cctr~cs in· detector svslc-m. The exposures were alw~}~ at 
crease the local a~sorption of.mict'Owase energy · 2-iS0 ).ll-l~ frequeiicy, and_ th~ ~pi;cin1e1_1 was by two orders of magnitude. Tests were per- always 5 1111 of distilled water 111 a plasUc test formed to detennine if the presence of the tube. A rubber stopper \dth a hole for thf? thermistor in the 5 ml of distilled w.1ter ~used thermistor was placed in.the top of _the test tube any change i_n absorption. Th~ 5 m1 spcenn_en to prc\·cnt evaporat)on. 111esc time-temper-­was ,exposed 

10 
a JOO m\V/cm· powc_r dens1_ty aturc profiles arc shown in Fig. 5. The_ data lc\:c1 with the thermistor in the solµuon while pl'l."sented' for each po\,·cr d~~sity i~ the. averng_e the microwave.source was opera.ting. "1"hc 1ime- of four tests. The rcpcatal;>1hty of the rcsul~s lS lcmpciaturc p~ofile was mea.sured. The solution within l oc. Some of ihis ,,..ariation is.<3:ue·-to the 

wa.s.thcn exposed to 100 m\\'/crii'- without the change in room ·tci_npcratuTe which can_ ~ thermistor in the solution while the fic1d wa.s•on, nkLintaincd within ·;:::½°C of a _predetermined· 
but immcdiatdy after the field w~s terminated level. • F" · 5 

uiusurcments. · 

ihe thermistor was _placed in the SO~t~tion a nd · The ti111e-tempcraturc profiles Ill tg. ~­lhe cooling curve was recorded. This second be mathematically dcscrib~ by the us~ .of~as!c 
test was also performed by placing a them10m· thermodynamic conccpu. · Tl,~ change ~n ctcr and a coppcr.C01lstautanl th~nnoco~ple tci:nrc.rature of the specimen_ with_ ch~n~e 

111 

·with a·0.05 in. bead into thc:solution aft~r the -time; Un l>e.cxpr~cd by the cquat~on 
field was cut off. The thcrmocouplew_a~ used due 
to its fast rcsp0nsc time. Theresultsof~hcsetcsts ~ = ~·- k(T·-. T.), (1) 
are shown inFig.4. ThecOOlingcurves_fo: all the dt an 
1ests arc in agreement within the e:-..pcnmcntal . where p• is th~ energy absorbed by the spccimc?­. accuracy Of our investigation. Th~ r~sulu per unit time, , is the specific. heat of lh~ s~· . jndicatc tha.t the presence oft he thernuSlOr m tl~e men matcria.1, nl" is the. mass of the sp~cimcn, .I: 5 ml specimen during irradiation docs not pro-- is. a heat loss ·coc!ficicnt, Tis the tem?cratW'C of 
duce a ch.ange in ab.sorption. 

I.; 
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_DETERMINATION OF THE.ABSORPTION OF MICROWAVE RADIATION 

" 

,o zo 30 •o ~ 60 1'0 eo 

TirM. min 

. Fio._ 5. ~mparison of O(.perim;ental a~d mathe-, 

matical timc-tempuature profiles are J)resenu:d.. . 

The experimental profiles are the .average of 

four tests made on ~ o( the exposure levels .. 

the specim~n at time l, and T. is the temperature. 

o~ the spec.irnen at t = o. . 

,., hi the ~sc of_ microwaves impinging on the 

J ml spcc~mcn m the .test tube, the energy 

absorbed is not equal to the energy incident 

Thcr~fore, cqu~ti~n (l} can be wriueii as ~ 

function of the 1_nc1dcnt intensity, P, 

dT 
di= KP-1.(T- T.), (2) 

where _T_is in oc, I is in ini.nu.tcs, pis in mV:,/cm' 

. and f. is. a measure of the absorbing char: 

:;~ristt~ o~ the specimen in units of (oC/mini 

fem ). fhe temperature rise a_t any tim 

1, .l.T, can be'cxpresscd·by · e 

<l.T(l) = T(t)- T.. '(3) 

·Equation (1) then becomes 

d<l.T 
di= KP'- k.l.T. (4). 

Eq1iation (4) Can be integr.itcd and the solution 

\ 
\ 

;. 

KP 
<l.T(l) = T (I - C" .. ). (S) 

The ~~~rption coefficient, K, can be found {i . 

the 1rutiaJ slo.-,, r ti . . rom 

profit~ r- o ie time-temperature 

fd:,!1 ,,;,, KP or K = (dAT/d1J,.; 
L ~J,.. P 

~si;g th~·average initial slope or'all the curves 

m 18'· 5, the value of K ,va,s determinrd 
I 

be 

O.~I~ ('C/min)/(mW/cm•). · 
0 

coe~~:n_ow necessary to dctcrn;ine the heat loss 

• t, ~- From the tune-temperature 

profilCS: m Fig. 5, it can be· seen that at Jar~ 

v~I~~- of l, !~e _t~mperature remains constant 

Wit mcrcasmg ~e 0 .f exposure. At Jar e 

. values of l, equation (5) becomes . g 

AT(l)=!!f.. (6) 

,Using the val~e for K or0.0185 in equation (6) 

the va_lue of k is_ found t0 be equal to 0.10 min-• 

Inserting the values of Kand k into equation {5) 1 

the final equation describing the. timc-tempc; 

ature profiles is . . 

'1T(1~ = 0.185 P (I - e-<>·"'). (7) 

The .calculated time-temperature profiles aic 

also plotted in Fig. 5. The. calculated and 

mc~ured profiles agree within one dcgreC 

ecn!1grade of each other thro~ghol!-t lhe time 

p~r1od and the power density rai,gc. · 

DIS~USS_ION OF RESULTS 

fu '!"he m~ure'"?ent or mathcmaiical calcu­

. uon of ·the ~imc-tcmperature profiles arc 

important tceluuqucs for determining the •dose 

to or energy absorption by a biological specimen 

Ano~her tc:cI_1niq ';IC for measuring the encr~ 

density nt a given location would be the measurc­

n~cnt ~f the electric and magnetic fields. Inside 

b101ogt_cnl ~atcria1 these m"cas:uremcnts. are 

very dilf:cu1t to perform due to the size of the 

det«t~rs~ the .compJe:ac field, inside biologic:al 

matcnaJ, and the lack orinformati0n concerning 

the electric properties oft he m.aterial. Therefore 

a_t pr~scnt the·~_ctcr~11ination of the tc~per:uu~ · 

~
1se m the ~1olog1cal specimen is the most 

DO~Al.D l. :\lcREE 
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cormr.onty .used technique for e,·aluating. the he· can determi1ie his absorption_ coefficient, 

amount oi microwav~ cnn:gy being absorbed by K, and loss coelf.dent,. -Jr, for: his· particular 

the ~pecimd1. 
geometrical :irrangement and .we them in 

Ter.iperatures ·inside a biological specirr.en equation :5:. 10 obt~in a 111.:uhcm:uic."ll solution. 

ha,·C been measured b~- sC,·c-ral tech:iiqucs. Then the investigator c~:i expose the specimen 

Gn•1 .J h:wused t_he tbermograph eamcr~ for to any other knownpower.density-\,·ithout the 

recording temperature distributions ins:de bier presence of the thermi::::c,r ar.d okulate his 

logical .!pecimens. This technique 1'~ the time-temperature profiles from this math­

a~..-ant.:qe of eliminating ~~:e need for irdening matieal solution. 

a de,rctor inside the specimen w}:ich might · Tl:e m,:nl1cma1ica.l model ca.n .,_ho be .useful 

change the ~bsorption characteristics. Ho·.,·e,·er,. in performing e~perimcnts for the detection of 

this ther.r.of;l"aphic technique i::.:s t::e dis-_ nomheqnal biologica.1 effects. Oif="ere"nt 1echni­

adYant:1ge cf requiring sopi1is1ic:11ed ~a11:J)lc qtu:s ex.is<. foi- s:udying r.omhcrn1:d or :-pccif.c 

prcp~r:1:ion in some cases :i.r.d c:t.r,::o: l•c t.:,.-ed eCeets. One tec!mique is to 1~,e~surc the lime­

at ail for son:e biological specimens in ::quid temper.:uure profile of thC e1-.posed speci:nen and 

media or in,erior regions ,\·here tbe in:~·rity of subject the control specimen to the s~me time­

thesp_t:cirr.en muH be maintained. Te1:1;,cr~mre 1emper:uure pro5lc. .·\r.y di.':erer.ce. in eITecu 

~emors s:.:ch ~s thern:ocouples a1:d 1!:er.,:is16rs bc1,,·ee11. tl:e expc.,~l·d :rnd the coi:aol spcciinens 

have ~ho been u,sed. Gn·1~1 h~s sho-...-r:. u!-i11g wou!d then be :-pecific effects. ·ne mathc­

the thcn.:ogr."lphic techniqt:e th.::.t n:.ctallic ma:ical descdot:0?1 or model ,\·ou!d :?.s~ist ·in 

clectroC.cs cir -pro!)cs, such as fr.en!:oc.:,-..,ple~, obt:\iltfo; simihr limc--1..:mpcr;irnre pro51es at 

·cau--c 1,o;. .. pots in the Spcc:n•en T;·err-i--·ors various- power·den~it-y k,·e1s for hoth specimens. 

arc - -.,.:, •. -.'.co',·.duc1ors ,,·J,.o,c ·,~,,.,,·,,,cc•: ,·, ... ·.,.:.·.ges · 
~.. ,. ., .--\ sec~nd 1echniqtie iUr dctcnni:?ing nontherinal 

wi1h .change in temperature. TJ·.e ~:.l~rmistor or 5pcci!;c e1foc~s ·is 10.suhjcct d:e sp~"'-·itnen to a 

uscifin this studv wm c•;:,.lu:ncd for i,~:cr::.ct!on power dcn.,.i;y lc,·e! ,d,iCh 1r.:1.int:iins the speci• 

prohZe1r,s, a:~d f~r- the condi1i0:·.s ,:sed in this men at a giyi:n h:!liper:,tur,: :n whiCh the spcci• 

~tudy, i:O extraneous' rcmhs cc,uld Le 1::e:irnred. n:e11 is viab:e...:...fo:- e:-.::rniple, b:.c11..•ri:i at 37=c. 

. The :i:;·,c-tcmpcrature ;,rofiles \,·1..:i-e 1::cas-ured The spccin:\.·n can be c:-.:pos:l·d at :niy con.vcn.ient 

four tin~c-s ;i.1 each ·power density sct•.:ng. Tl:e power dcns-i1y le\·\.·!, the 1:1:nhcrn:nic.d· llcS!"rip­

data. W.'.lS repcat=tble ·10 ,-;i1l::n .1 =c ~::('Ill one tion c.·m be·formulatcd from the absorption :md 

test to another. Ti:e incider.t pCMcr dcn~ity was loss eoc-:!:ci,.-nts ·obt;'!.!ned form the tim~ 

tncasured ·sittout the 5 ml spc-cin~cn by the tempcr:irnre·profilc, a1.d the po"·er density lc,·el 

~lodd Cl00 ~:i.rda p<;iwCr dcnsi:y me:er. The for m:lintaining 11:e co~1~tant temperature can 

5 ml spcci1r.c:n w:i.s thet:t ·focated at 1he .:-ame 11:en he c~lcul;'!.tcd from tl:c m;u,,cnuuic:d 

location tl:e X:::i.rda probe k,d been ,\·!::en used . descrip:ion. A1101hcr tc.;huiq~1e for c~·3Juating 

to Set t~1e po,q:r deru-ity. !lOntl;ennal or s-pecific cffccL, is 10 c:-.:po·s-e the 

The ex·perimcntal data hns been :i.ccuratcly specimen at· a low level so th:u the ,mall 

-dc-scribc-d hy a mat!:,.:m:nical cqu.i.tion. This tem~rature ri~ docs not h:,xe a thermal. effect 

tn.-uhem:::i.tical solution can be ,·cry 1:dpful in on the specimen-for ex:m;ple~ suppose a 2:c 

de1enninir:g: or ~pccifying cxperim~11t:\l con• rise in temperature causes no ·111c:t.surablc 

dltions. Suppose an invcs-tig.:uor is e1-.poslng therm:i.1 ci:ccts. .-\~ain 1in:c-1emperaturc pro­

hactcria or mamm:i.lian cells to .a r.:icrow:lvc ,files can.9e mcasurcd'nt some con,·cnicnt power 

field to e,·ahtate if ·there arc bio!og;C",l effects. ·density lcv~l, a,~d the matl1cmatical dcscription 

h is important that he know the amo11nt of can be -obtained from ·tlie e.xperhnentally 

energy :lb:-orbed ·by the ~pccimen. In ·order to determined ah~orption and ·loss cocOicicnts. 

avoid the introduction of foreign· biological The power dc:11Sil"y Jc,·el can 11,cn-be calculated. 

1,1~u:cr imo his specimen by the ins-en.ion _of the from t11e m:i.lhema1ical formulation wl1ich does 

thermistor. he can run the initiil test for nof prodUCe a ~ T 1 temperature rise, greater 

do.~imetry · purposes and obtain the time- than 2°C. 
· 

tcn1perature profile. From· this time-temper- · The discussion above has presented exnmplcs 

a1ure profile at a-single kno,,·n_po,,·er density, where the_: technique ,,·ould be useful.in ci:her 
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F10. · 5. Compatjson of cxpcrimrntaJ and mathc,.. 

matical time-temperature profiles arc Prtscntcd. 

The c."<J>Crimrntal · proftlcs arc the a,·cragc or 
four tests made' on ett:h ot the exposure lc,~ts. 

the specimen at time t, and r. is the temperature 

of the specimen at i == o. · 

In the case of microwaves-impinging on the 

5 nil specimen in the test tube, the energy 

absorbCd is not equal to the. ~ergy incident 

TI1crcfore, cquatfon (1} can be ·written as a 

. fu1lction of the incident intensity, P, 

~=KP - t(T - T.J, 
·dt 

(2) 

wl1crc iisiu °C, I is in minutes, P'is in m\V/cm5, 

. and K i, a measure of the absorbing char-. 

actcristics of the specimen in \Lfilts of {°C/mi'fl./ 

m\V/cm
2
). The temperature rise nt any time 

,, ~ T, can be c,cprc:ssed by ' 

. ·. KP 
. ..I.T(t) = 'T (I -,. c...,), (5) 

· The absorption coefficient, K, can be found from 

the initial slopes of the time-tel'!lpc:rature 

profiles, 

[ dA!7 ·KP K _ [d..l.T/dtJ, •• 
"TJ .... ==- . OJ' -~ 

Using the average initial slope of all the curves 

in Fig. 5, the value of K was dctc_nnincd to be 

0.0185 (°C/min)/(mW/cin'). 

It is now necessary to determine thC heat loss 

coefficien~ k . . From th·C t!me-temperature 

j,rofiles in Fig. 5, it can be seen that at large. 

values of t, the" tempcratUre reniai!l5 constant 

with increasing _time of C.'iposure. At large 

values of t,-equation (5) becomes 

KP 
AT(l)=T- (6) 

Using the value for K of0.0185 in equation {6) 

the value of Jc is found to be- equal to 0.10 min-1, 

Inserting the values of Kand k into equation (5), 

the final equation describing the time-temper­

ature profiles i, 

AT(t) = 0.185 P (1 - c_.·"'i. (7) 

_ TI1c calculated timc-tein))':rature .profiles arc . 

also .plotted in Fig. 5. The C.,"\lculatc:d and 

measUied profiles agree within one degree 

cc;ntigradc of each other throughout the time­

period .and the i,owcr density range. 

DISCUSSIOX OF R'.£S1.;LTS 

AT(t) = T(t) - T •. 

r~cp~~-~ion (1) th~n becomes 

The measurement or mathcriiatical calcu­

lation Of the time-temperature profiles ~ 

important techniques for determining the dose 

to or ene,-gy absorption by a biologic;? l specimen. 

AnothCT technique for measuring the energy 

<tensity .at a given location would be the me~ure­

. ment of the electric and magnetic fields. ·-Inside 

(3) biological. material• these measurements arc 

very diff_cuh t~ pcrf0nn due to the rile of the 

dctect01"$1·· the comp!~ fields inside biological 

rru:itcrial, and the lack of information concerning 

the electric properties of the _material. Therefore, 

at pr'csent the determii1ation of the temperature 

rise in the bio1~cal specimen is the most 

dAT . 
T=KP-'UT. (4) 

Equa1ion (4) can be integrated and th~ solution 

DOX,\U> L McREB 
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.con1monly. used tec:hnique for evaluating · the he c.m determine his absorption coefficient, 

amount of ntlcrowave energr being absorbed by K, and loss coefficient, l, for his p.irticu1ar 

the specimen. 
geometrical arrarigemcnt and use them in, 

Temperatures inside a biological specimen equation (5) to obtain amathcmalic."\lsolution. 

ha,·c been measured by sC\·,ral techniques. Then the inYcstigator e.m·cxposc the specimen 

Gli'\•17l has used thC thermograph camera for to any othci- known power dcmity without the 

recording temperature distributions inside bio-- -presence of the thermistor and cnkulate his 

logical .specimens. Th.ii technique h.as the time-temperature profiles (rom this math­

advam:ige of eliminating the need for ~nscrting mritical solution. 

a delt>etor inside the specimcn·-which might The mathematical model can also be useful 

change the ;:.bsorption character.istics. Howe,·cr, in performing' e.~pcrimcnt.s for the detection of 

this thcrmographic technique· .has the du- nonthcnnal biological effects. ·Different icchni­

ad,·antage of requiring sophisticated sample qucs exist for .stud}:;.rig 11oatbcr111al OT specific 

p1"ep:lrruion in some cases ~u:d c;:umot he used clTec1s. One technique is to mc.:surc the timc­

a,t nil for some. biologic.."\) specimens in liquid temperature profile o(thc e.xposcd specimen and 

mcdi::i. or interior regions where the integrity of -subject the control specimen to the sam!= time-

1 be ~ccimen--must be mnintairn:d. Temperature. temper:uurc profile . .-\n)" difference in effects 

!>C'nsors such as thcmocouplcs ar.d thermistors between the c.xposL"ti and th_e co1s:.1rol specimens 

have aho been.used. Gi..•ytn has shown using would then be specific cITccts. The mathc­

the thcrmographic techniq1:c that mcl<lllk nfatical dcscrip1io!1 or: -model would :issist in 

clcctiodcs or Probes, such as tbcrmocuupk-s, obtaining similar 1inlC-tcmper.\lure profiles at 

cause hot spots in the specimen. 1 ·hcrniistors various }lOwcr density !C'\·cls for huth -specimens. 

arc· semiconductors wh~e resistance· changes AsCcond tcdmiquc for dc1crmi11ing norithcnnal 

wi1h change in temperature. The thcrmi!.tor or specific cffo·c1s is to suhjrct 1!1e sp~·dmen to a 

used in this study was _e,:alun1cd !Or intei·::.ction power dcn~ity h.."'·cl which maintains the speci• . 

prob!cms., and for the conditions used in this men ,u a givet1 tcmpcrnturc nt which the spcci-

5tud~·. llO extraneous n.-suhs could be mc:un.il"cd. men is ·'"i:,U!c-for cx:u11plc. ·bacteria. at 37°C. 

·The t!l11c.:..1empcraturc :,ro!iles \,·ere measured ThL" spccimt.•n can Uc expo:i\.'d at any convenient 

four· timrs nt. ca.ch power dcn.sity sct~ing. The power density lC\·cl, the 1!~!thcmatical dcscrip­

data was repeatable to wi~h.in .1cc_: from one tion c:m be ronnu1,llL--d from th~ absorption and 

test to ano1hcr. The incidcm power density ,,"m · loss coen:cicrits obtained fonn the 1ime-

1ncasun-d .witho-Jt the 5 ml specimen by -tl1e tempcraturc profile, n.nd the 1)0,,·cr density level 

_:\.lodel 8100 :'\.:lrda p°'\-cr density n~ctcr. 111e for m.-iin1:1ioing the cc:,nsmnt temperature can 

S ml_ spcdmcn '"-;:is tl>en loca1cd at !he same then be t;alculatcd from t1~c m:uhcmatical 

location the Xarda probe ld Leen "hen u.scd description. AnQtlu:r technique for evaluating 

to set the power density. · nonthcrn}<\I or sp~fic df<ct:, is to expose· the 

TI1e experimental data has bcc-n accura'tcly specimen a.t a low lc,·d so that the small· 

described Uy a niathcmatic.'l.l equation. This tcmpcr.uure rise docs not ha\"c a thermal effect 

mathematical solution can be. very helpful in on the specimen-for cs:unplc, suppose a 2-:>C 

determining or specifying c:-.:.perimental con-- rise in tcmpcr.uure causes no mensurable 

ditions. _Suppose an im·e;tig::uor is exposing· .thcnnal effects. Again time-temperature pro-. 

bacteria or mammnli..'Ul cells ,o a microwave files can be n1casurcd at.some convenient }>O"'cr 

. field to C\·aluale if there arc biological effects. density le'"cl, and 1hc 111::ubCmaUcal ck:scription 

It is important that .he know the· amount ·of ~n be obtained from the cxpcrimcnlally 

energy a.b:.orbcd .by the 'specimen. In order to detcrinincd absorption · and loss coefficients. 

a\"oid the int_roduction of foreign Liological _ The power dmshy lc,-cl C."\n·thcn be calculated 

rnauer into his specimen by the insertion of the frorfl the mathcrn:uical formulation which d~ 

tl1ermistor, he· c:m run the initial test for . not produce a -1 T, temperature rise, greater 

·dosimetry -purposes and obtain the time- than 2°C. 

tcmp~:lture profile. from this time-temper- The discuuion abo,·e has presented examples 

aturc profile at a single known power density, where the tcclu1ique woul~ be useful in ei~hcr 
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391) DETERJIUNATION OF THE ABSORPrlON OP MICROWAVE RADIATION 

the dctermi1J,ation of energy absorption or the 

lC'\·cl of e.xp~ur~ to obtain or maintain a given 

temperature in the specimen .. Tiiese cxamplo 

apply. primaril);' to i~ vitro studies where the 

b1ological spcc1m~ is small and relatively 

homo~eous. As m the case of most existi".18. 

techniques, the application to more eomplCX 

~'Stems such as animal studies is much ·more 

d1ffic~Jt. However, ·wit:h ~ i~..nuity the 

t~hmquc could be applied 10 specifiC tfuues in 

ammaJ systems where small probes b 

implanted. _ · 
c;an c 

SUMMARY OB RaSVLTS 

A mathematical description of the .time­

tem_~ature profil,;:s for exposure of a biological 

s~c.imcn to a microwave field has been deter. 

mined. The equation . · 

KP 

The ma_thematiCB;J ~~el wm be particular) 

:elpful '!' dctcrmmmg the power drnsity levJ 

hich wdJ hold the specimen at ad . d 

stJnt levc~ or will not inC?rease the te:;:ra: 

~dve a given level. The validity of the: model 

1J ~cndent upq:n the capability of men,urin 

the yme-tcmpcrature profiles at one ow/ 

dCI1SJ.~ l~cl so that •the absorption n~ 1~ 

. ~ffiC!CDts . can .be accurately determined 

xtrcme <.:arc must be_ taken to assure that th; 

mcasu~ profi~es arc correct and not distorted 

by the mte:raction of the. microwave field and 

the detect~r us_cd to make the rne.uurements. 
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BiOLOGICAL EFFECTS IN RODENTS EXPOSED TO ·10• PULSES 

OF ELECTROMAGNETIC RADIATION 

W. D. SKlD:\l0RE and S. J. BAUM 

Aimed Forces R.)diobio!ogy Rrscarch Institute, Defcnst:: Nuclc.u- Agency, &lh~ 

Ma.-,·land 20014 · 

{R"'iud 30 Jod.1 1973) 

A.bsiract-Rodcnts were_ exposed to ·c:lecuomagne\i1; pube (EMP) radllpion ·w tat the 

h)'JX>lhcsis that ,rapid changes in electric and magnetic fields would induce injuries in biological 

S)'!lterns with high cell turnover ratct. 'fl:zc.Al-"R.Rl EMP generator prO\·idrd fi\'e puhcspc:r 

SttOnd ,'1itha peak clec::tric·fictd intc"Mity of-447 kV/m. with a S 1tscc rise time and 550 rue-c 1/c 

fall time. · Exposurcs, totalling 10' yubes, were continuous c..-.ccpt for approximately 2 hr, 

5 da~-s per week for biological sampling and animal care duri"ng 38 weeks.. Biologica1 ::ways 

w.:rc periodically conducted. in exposed and noncxposed animals ai: appropriate int.crWU. · 

h was observed that t_he rcticulocyle count in C1Cposctl rats was ne:u-l)· always greater than in . 

nonc.,,::posed ·rnu. ffgy.·c\'CT, there were no.co"ncomitant.dilk1-cna,_in perip~eral crythroc:yte 

counts between the two groups, nor did radioacti\·ciron incorpol'3tion indiaitc in~ cellular 

production in tl1c irradiated group. Platelet counb in exposed rats were dccreasc:d about 10% 

bc~ow· those in the nOnc:xp()S(:d. group most of the time. Levels or n.::lati,-e counts or circulating 

.leukocytes di.d not differ be-tween the t\\.'O groups. Dunc marrow ccllu.b.rity was not different 

between the n .. ·o-groups. Analysis of chronl0501Jlcs from bone marrow cells showed nodctrctabf.e 

intrcascs or a~tion:i in EM.P (:);posed rats. Routine clu:mical analysis ufblood dcinonstratcd . 

similar valueJl in the two groups. HlStological studies indicat<.-d no effect ofE:\IP. Obscn::itronl 

of fetuses from prcgriant rats showed no abnorm.alitit"s. No incidcn~ o( mammary tumonwas. 

obsen:cd iri i.he female Sprague-Dawley rats. In leu!tt"lnia prpnc AKR./J male mice, ln.tkcmi• 

did not occur carlicr'in-EMi> exposed ani1nals, nor w~ l~1c fractiou orkukcmic uUtt greater in 

this group ,.,·hen compared: v.ith the nonin:.u:liatcd control mice. 

The pr,.,-scnt f:3:pt•rirncm utilizing the abovc-dcscribc-d pb}-sical ~r:imc1crs r('ptc$mtcd a 

condition exceeding bysC\'Cr.11 orders of magnitude that noni1a\ly·cneountcrcd by Imm.ans who 

operate EMP faciliti~ Expos.urc:i of rodents under thoc OJnditions iudic:atcd no apparent 

ncutc ~juries. 
· 

JNTRODt;CTION the oscillations is directly related to the power • 

THE utilization of cJcctroma.gnetiC pulse· (E-~1P) dl!nsitv of the field. There could be an effective · 

generators by industry and military establish• cncrS"Y exchange from :.!le clcctromai;netic 

ments and the exposure· of. pcrsonnd during field to the medium whenc\'cr these forces 

routine opcrntion h.avc occurred in recent arc. suOicient tO alter the ~inetic or JlOtential 

years {UowERS and ·-FREY, 1972; HIRSCH and energy of \he q1oleeu}cs in the medium. A i 

BRUNER, 1970) .. This potential hazard· to man contributing effect. of heat is not predicted 1•: 

h.a5 been a matter ·of concern, and safety because of. t.l1e low average power of the :" 

st~n~rds have beCn propose~ (DEMOSS, 1971). E!lP. It may therefore be questioned whether ! · 

· Howe\~, thci·e . arc ·not enough biological ·exposure to EMP co~ld present a. thermal f',i"t• 

data to esULblish firm standards. hazard to man. . · 

Basically, £~·IP comists of a pulse of radio- However, at the molccula.r·1cvcl in biological ,,! 

frequency waves with a~ nearly instantaneous .systems there are vitnl ionic ~nd clecti-ochemical '.: ~ 

rise in the cleclric •arid .magnetic fields and · processcs which C0u1d be altered by rapid .. 

a i;uhs~qucnt decline in the ficlds. EMP pulses of electric and magnc;tic fields. TI,ese 

radiation may be represented_ as a traveling a1tl!r<.:d.proccsscs could acutl!~Y affect biologica1 • 

wave comisiing of 1ransvet'SC ck·ctrie and srstcms with ~•igh cellular turnover, such !i-

magnetic osci!l>t;ng fields; ti,c amplitude of as the. hcmatopoictic and the rc-proJuclive · !\' 
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