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}Vm' ) z a= Abstract—Résearch into the biological effects of mi radiation has expanded over the
- 3 . 9.9 - past few years. More det iled and o plex experil } work is y in order to assist .
" ) 2. ® .3 the responsible agencies in setting safe levels of ex . It is important that the amount of -
1 % S 593 a encrgy 'abso‘;bcd L"ty the biological s?ecimcn or the dose to the specimen be accufra‘tcly deter-
ot \ g é 48 [ el mu'.xcd. Unless t}us dose parameter is known, the results of the study, will be of limited v.aluc.
. ~ O H This paper P des a tech ¢ for deter the energy absorbed by a biological specimen
) \ W ° § H in a laboratory si The tim: profiles were d by using a thermistor . -
| a >3 Y which was tested for its micro field ins y. Amath ‘tcdmiquefordetcrmining .-
y | 4 % g 3 the time~-temperature profiles for exposures at any power density is presented. |
L = k) ] . . i
A 5 | ;'E =2 3 ‘E’ 8 . 3 INTRODUCTION . patterns;. this failure to quantify the results is
| e o 2 = g = - > Wirs the increased use of microwave radiation not surprising. “Any future bioeflects research
| { 3 g= 2 = in domestic and commerical ovens, communi- - must have accurate measurements of fields and -
2 oty E‘ PR -3 b 9 cations, industrial processing, radar andr | doses to-the specimen in order to provide in-
R © o | & = 2 63 K] ' é ' diathermy, and therefore, the increased potential formation which can be used to set safe levels of
I o \ - ot ] 12 2 for exposure of larger segments of the population, exposure to microwave radiation. - i
. [ 2 -] . 3 By < : A ] 18 s rescarch into the biological effects or possible © Not any single - detector of technique for -
a3 heid | g= 85 . ¢ = =3 | sg health hazards has received renéwed cmphasis. determining the dose to 2 biological specimen
| 8% E g = ER- 1 D r- Ll i gé : In order to set safe levels.of exposure which will  will apply to all exposure situations. Paramecters
20 4a b 3 _% 5 Sg é o 1 B2 prevent harmful effects to.individuals and not .'such as {requency or wavelength of the radiation,
| 8 ;_' zZ 5 T .3 g = = i) . <= unduly restrict the beneficial use of microwave  whether the field is continuous wave, pulsed,
e & g o g > o % : $ 3 _ [: \é Qg . radiation, well designed, quantitative investi- or modulated, and the shape, size, and char-
o é = 5 8% > 3 3 a.’s L l@Eang - gations are essential. - ) acteristic of the biological specimen must be
R >822 [ : oa r; § = \’_j =l 8 A - A large amount of research into the biological * considered in the exparimental design.  This
- ‘;‘t 2z3 l.': % 22 o 9 % 2 2 Ry g i effects of microwave radiation. has * been = paper presents a techinique. for evaluating the
Qaepgg 2 oA 2 B 9 }E g‘:\% £t H done.-% Due to the Jack of accurate measure- . dose o emall biological specimens in the
S Z o3 [P s ﬁ g8 tge {H=A 248 = T ments of the energy density of the microwave laboratory when exposed to a 2450 MHz CW
Tl ‘20 g B3 é EEE-E A “fields and the energy absorbed by the Dbiological ~microwave field. The detector 1‘lsct.'1_is a ther-
3 — {7 % 8 3 E> & B 52 < specimen, much of the informatior is of limited ~ mistor which has been testéd for its insensitivity
gig - 8 = B 5 E kS value for determining safe exposure levels. The to this 2450 MHz CW microwave field. A
3 i3 te T :‘! 5 e B 3 ;% g 8 failure to adequately quantify the investigations mathematical description of the results is
%,u Ly 2 as= s = &2 . has resulted in a disagreement in_the scientific .presented which provides the capability of
I 0\ L ot > - community as to whether there ‘exists harmful determining the dose at any power density after
k T ggg ;5 : g% nonthermal or specific effcets, or if all harmful *.measuring the time-tempcraturce profile at one
oLEs £E effects are thermal in nature.’®® Since ‘the - power density. .
PoosE °® 3§ - measurement of the microwave energy absorp-, )
;‘ h e tion is difficult due to the interaction
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of the
microwave field with the measuring device and
the possibility that the detector when placed in
the spe_ci‘mcn-causcs'changcs in the absorption
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field and is described in Ref. 6. The system is
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EXPERIMENT AND ANALYSIS

The microwavé exposurc: system used in this
9450 MHz CW microwave
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. 9  DETERMINATION OF THE ABSORPTIC c
. > ORPTION .
o q ) OF MICROWAVE RADIATION. .
)\)\' I ) Side view of the eystem . ' o
- Wooden Sor support —
é&- : ) midal horn INuminator
p Thermistor .
) Qj\-t‘; . - —M:rto‘r )
d v J . . - bk i
< S [ ' e 1 -
BN R ?:_ ;"-7 . Bridge ci —Shisided bex
LG WS Al = bern *
2 w-s Ratoreacy touenigtar—, et
vy Ceo . . o8 batn—TJ T
ni 5"‘,"7' - Fic; 1, Experim&naf expasure r).nern trmsi:i‘of an absorber. i oo :
% . * minator. The speci > - an al -lined, pyramidal h .
. Pres” T capat e of pi d . ’pffmm was & 5 ml sample of distillcd water in a plastic test tu:r: o

i 1 able of producing a power density ran Y HA '

3 h ¢ s ge at - had.an upper limi " .
4 e e TS T P el 10080, Tt
AN o & eter circle. dThc source of the radiation is _strip-chart lfccjrdcr :'\il wlldh t:e scales on the
A g i : e ! low j

A T homn. and the s apy system 1 any desired scnsitiviey.. The eatid uor

T . T i - strip-chart o nsitivity. The solid state
] ¢ experimental arrangement is shown in recorder and bridge circuit were

r}::x':cl;d 'l}r'ls:d:ra copper screen wire enclosure to
} em from any extraneous ficlds. The
‘connectors of the test thermistors were ot-i
the microwave field but plugged into the brid w
«circuit inside the screen wire enclosure. Tl%e
Jeads of the test thermistor were inserted into :A

F.ng.. 1. The simulated specimen was .5 ml of
) distilled ‘water in a plastic'test tiibe. The test
3 - tube was supported at the top by a plexiglas
test tube holder supported by a plexiglas frame,
‘ The detector used to measure the change in
. . temperature was a thermistor with-a 0:15in,
bead. The thermistor was tested to dcu:rminc:-'
if there were interaction effects with the micro-
) wave ficld, or if artifacts were produced by the:
. < . presence of the thermistor in the simulated
. biological specimen. The re d i
system is shown in Fig. 2." Th h
mistor was identical tog!hc 1csth ‘ch:cr::r,::;e ("XI‘T-
variable resistances in the bridge amng.cn‘:er‘let

extended to within two inches of i
3  to w the thermisi
tip. The braided copper shicld and the co:p::

recorder ground so that all components had a
i ‘]‘CMis‘OEY::und. The power density at the test
ermi .v-:xs set at 100 mW/em? by using the:
: ;!I::JO poTv}\xer anmy meter and probe {model
) ). e time-temperature profile. of the
d ermzstor‘plac.cd in air at the specimen location
is shoryn in ~Fxg. 3. 'The temperature. at the
thermistor tip were also measured with a
precision mercury . thermometer immediatel
after the microwave field was terminated. Thcsz
temperatures are shown in Fig. 3 and agree with-

ST thermater

Strp-ceart - :
Crecorser . ghcrmmox:. Thercfore, the température rise at-
. :he ;]hcrmls.!or loca}ion is a real one and not due
at:,l ci;pcc:ﬁc heating of the thermistor bead or
_an artifact caused by the electromagnetic inter-
action with the leads. The rise in temperature
-atthe th.crmismr location was found to be due to
::; h‘;atmg of the absorbinig material surround-
c s P irasdunn gl
10 heat the cavity space. and e i

flmé 2. The .lhcrmislnr readout circuitry in-
uded 3 bridge amangement with variable
;c_hmwrs 0 adjust for maximum sensitivity,-
€ output from the bridge circuit was recmwd?d

on a strip-chart recorder.

© e oo o .
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0.20 in. diameter braided .copper shield which

screen wire cnclosure were. grounded to the

in 0.1°C with: the values measured by the . .

- .
-p.‘[oo mw/cm g e237c

Thermometer
. readings, C*

€ C 20
Time, min.’ T
Fic. 3. The- time-temperature profile for the
thermistor placed in the microwave ficld with
air as ‘the sur di di is p d. -

Immediately after the power was terminated, a

- (hermometer was placed at the, thermistor.

3
Crrea ot )
e Thesmomaier nspemen ofer fieid
turaed ot . .

Ruom tamp « 24°C

o [ w5 w2 ¥ 30 35 .40
Titme, mir
Fic., 4. The cooling curvesofthe specimenafter
the-microwaves were cut ofl were measured by
" arious. techniques in ‘order to determiné if the
of ‘the thermi in the specim
causcd artifactual cffects.

Time-t ure profiles for exposure 0 -
rded

Jocation to check the P
: measurements.

. g e
ifTe incident power d were

aftér the cvaluation of the validity of our

Guy'™ has shown that mclal.c!ccqudcs N etector system. The cxposures were always at

" crease the local absorption of microwave energy “pys0\Hz frequeiicy, and the sF was

‘f)y “\: t:rd(:s‘o\' ',“:cgm;“g.cc ;2‘;“;::‘:(.’)::; always 5ml of distilled \m'lc; in ';‘ p;lns;ic (':I
ormed to determine il .

p . - e . sube. A rubber stopper with a hole or the
thennistor it the 3 mi o f distilled water c.x.uscd thermistor was placed in the top of the test tube

any change in . The 5ml sp

was exposed 103 100 mW/cm? power density

to- prevent cvaporation. These time~temper-
ature profiles are shown in Fig. 5. The data

level with the thermistor in lhe. solution while prosented for cach power density is the. average

the mi _SOUTCE WAS OP!

. The time= 0 gur tests, The repeatability of the results is

temperature profile was mcnsu’rcd.‘.'nfc solution * ain 1°C. Some of this variation is. dueto the
\\':.\s.d}cn cxpased Lo !00 miv [eni? without the chauge in room ‘temperature which can be
dm".ms‘or n the solution while the ficld Was o, s itained within 2 1°C of 2 vprcdc(crmine'd. .
Dut immediately after the field was terminated level. A y

the thermistor was placed in the solntian and

“The time-temperature profiles in Fig. 5 can

the cooling curve Was recorded. This second o g ematically deseribed by thie use of basic
test was also performed by placing & thermom- o piodynamic  concepts. ~The change in

. cter and a coppcr—consl;mmnl thermocouple
- “with a°0.05-in. bead into the:solution afier-the time can be expressed by the cquat_ioq .

temperature of the specimen with change in

field was cut off. The thermocouplewas useddue )
to its fast response time. The results of these tests ar P o
are shown inFig.4. Thecooling curves for all lhc] . G KT - To), )
1 i cithin the experimental . . . L

| lests are in agrecment within e ZiPe . where P’ is the cnergy absorbed by the specimen

of our i g

5 m} specimen during jrradiation does not p:
duce a change in absorption. .
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These_results
. indicate that the presence of the thermistor in the

per unit time, ¢ is the specific heat of the speci-
men material, m'is the, mass. of the specimen, 13
is a heat Joss cocflicient, T is the teinperature of
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3% 3 | S ymbols-axpenmental dato is . .
Mothematico! modet=ATsQ @S P(-6 %) . : N " . . L :
K emvizent - xpP . _ common used technique for evaluating the he can determine his absorption, coefficient,
P e 26|~ IV i e TeTe e TR ATU):T 0 — ety s amount of mierowave energy being absorbed by K, and loss coetficient, ¥, for his’ particular
%z M . . (5)  ihe specimen. geometrical arrangement and use them in
oL A : 21 . The absorption cocfficient, K, Temperatures inside a biological specimen equation 3, 10 obizin a mathematical solution.
v3- A : L 5 K, can be found from™ e ed by several techni investi An ex i
Ridge - the initial. sloj f : > have been measur v several techniques. Then the investigator ¢an expose the specimen 3
v i aele 50 pes of e time-temperatu . . M N " e :
? G.D.1 B profiles, . re  Guy'™ has used the thermograph camers for to any other known power density without the
S C.M. ‘,-/ i 44 . recording temperature distributions inside bio-  presence of the thermisior and calculate his
Ww. S ¥ & T . ) [____ — KP X [dAT/d,]l_; togical specimens. This technique kzs.1he time-temperature profiles from this math-
G.Cc < /. -T2 P8 or == advanage of climinating the need for inseriing - matical solution.
Can T e L%, Using the-ave S . o desecior inside the specimen which might " The mathematical model can also be useful -
\f“’; = s "‘» e | inFig. 5, the ?8]‘ 'm;m‘ slope of all the curves . change the algsorplion characieristics. However,. in performing experiments for the detcction of ’
37 5 ...‘ 00]85. (°,C/mina ue :NK ‘:&,dctermmed 10.be this thermographic technique s ile dis- nonthermal l?iological effecis. Different techni-
Presi 2 '/ £ Tt is now n )/ (mW/em?). . advantage of requiring sophisticated sa1 ple  ques exist for siudving rombermal or specific
£ /, I . . & coefficient, :C‘SSF“V to dc“’"‘{"“t the heat loss preparation in some cases and ¢anot Le us efiects. One echnique is 10 wmeasure the time— 4
Pres o _/.' ettt profiles in Fir. 5 rom the tine-temperature 3t ail for some biological specimens in iiquid temperature profile of the exposed specimen and SR ‘SN
1 1 : values of ¢ ‘i’ , it can be seen t!’la! at large imedia or inierior regions where the iniégrity of subject the control specimen 1o the same time— . C
‘5;" . Wt emn a_a_e_a®. .20 with i » the temp 0 . 1he specimen must be maintained. Ter temperature profile. Any difference in effects
) ’:" ’ Seldees e ..—:::.o values of . g time of exp At large sensors such as thermocouplés arnd 1 between. the exposed and the conifo! specimens
. o ._Iso_.z'o—-—-—‘——-———l—- . ,Vequaunn (5) becomes B have zlso been used. Gyt has shown uding 1d then Le specific effects. ‘1he mathe-
’:im.” w 6 0 €0 X KP the thermographic tecinique that I rallic model would assistin
. Fic. 5. Comparison ore“pe':;:‘mnh;d -du. . AT(t) = T 6) Y:lcum‘dcs or -p::ob:s, such s wenmod s, o!;xf\:n{:zg sm.l'lzr \.imc-l_-:m‘,)‘cr:n‘\urc pro¥
b ] - matical timeetemperature profiles & nd rma sing the val o cause 1ot spois in the specimen. tors _ various power'dentity levels for-both specimens.
The c’tpcrimcmaplﬂa rH dre presented. - g the value for X of 0.0185 in equation (6) are s¢ A second echnique for determin nontherinal
* four tests madc on!;::;[::!f':;: the average of the va.lue of k is found to be equal to0.10 min~} with change in temperature. 1M or specificefiects is (0.subject tie spreimen to 2
? ¢ exposure levels. * Inserting the values of X and £ into equation (5): uscd'in this study was evaluated for i power den Jevel wlich maintains ihe speci-
the specimen at ti i ] the final cquation describing the time-temper . prohlems, +d for the conditions used in this . peruure at whigh the speci-
. oflhl:: speci ::\“a':‘: t,and T, is the temperature ature profiles is - . study, 1 extraneous results cou iple, Lacteria at 37°C.
- { = 0. " . — . The time-temperature pr xposed atany convenient
5 ::; ls‘;::xnsz Of_mlc;owavg impinging on the - AT(ty = 0185 P (1 — &%) (7) four times at each ’po“'c.: density st the matheinatical deseeip-
n in the test tube, the en he ‘calculated tim 3 daa was 1able o within ¢ mulated from the absorption and
absorbed i - » © energy - A me-temperature profiles are vas repearable 1O ihin | f It fron sOT] X -
Thcrcfze:“c"m ;qual to the cnergy incident. also plotted in Fig. 5. The calculated and test to another. Tiie incident power Qemsity was  Joss cogiicints obtained form the time=
function 0’“1‘]1:';‘:'2: (”4 can.bc written as a mca.?urcd profiles agree within one dcgrcé measured \\'il!".c-ut 1he §m\ schilxzcxl b}"l'l‘x: (empv:ri\mr‘epro;' , and the power density level
" ent intensity, P, » Ccnpgmdc of each other throughout the time \odel §160 Narda power density meser. The for maintaining the constant temperature can
dT s period and the power density rémge.' ~ 5l specimen was lhcn“‘.ocmcd at ibe same  then be calculated fr ke mathematical
— = AP~ }{T — S X location ke Narda prote had been when used | description. Another technique-for cvaluating
ar el T)s @ DISCUSSION : P : e ;
. Tt > ION OF RESULTS " 10.3et the power density. nonthermal or specific etlects 15 10 expaze the
‘\’I‘Cfc'TAisin"(;,[;s in minutes, Pisin m\V/cm‘ i;'u.io:: ﬂ;e:ads,urcxt-xem or mathematical caleu- Tll't experimental daw !\:\s Leen ?.ccuralcl‘y specimen :\l'_a low level so that the small
_zmd K is a mecasure of the absorbin ch:u’ s of c lhlmc—v.cmpemlure profiles are -deseribed by 2 ma tematical equation. This tlemperature rise does not hinve 2 lhcrm:.\\.cffc.cl
acteristics of the specimen in units of (§Clmi -. important tcchmuns for determining the -dose mathematical solution can be very ful i on the spccimcn—for example, suppose 3 2°C
-~ . mW/em®), The temperature rise at.an; ﬁn/ X’orfn"m'“bs?m‘mn by a biological specimen. - determining or specifying experi rise in temperature causes no ‘measurable
&Y t, AT, can be expressed-by it.any ume dnm' her qul}nque fo.r meéasuring the energy ditions. Suppose it investigator 1hermal effects. Again ime-temperature pro-
3 . . . ensity atagiven l.OCallon would be the measure- : Bacteria or mammalian célls 10 .2 files canbe measurcd at some convenivnt power
o o1 m10 AT(W) =T(t) - T, “®) ;;}CT,\' of the electric and magnetic ficlds. Inside: ficld 10 evaluate if there are biologk 1 cffects. -density level, and the mathematical description
w4 ‘Equation (1) then beco . Do ogical material these measurements  are It is important that he know e amount of can be obtained from ‘the experimentally
- pecomes : :i")' difficult to perform due to the size of the energy absorbed by the specimen. Tn-order to  determined, absorption and ‘loss cocflicients.
’ dAT o etectors, the complex ficlds inside Dbiological avoid 1he imtroduction of foreign’ biological  The power density level can thenbe ca!culmcd»
2 : = KP—=kAT. -~ @ n}llatenal,.md the IQCk of information concerning - maier into his specimen by the inserion of the from the n\_a\hcma\icnl formulation )\'lnxch does
v Beu . . g ;‘eper'“mcl;mgcﬂluoflhcmalaial. Therefore, . glt‘nninor, he can run the inital test for mot prodiicc a AT, iemperanre nse, greater
: - Equation (4) can'be integrd esent the determination of the t ture’ osimetry purposes and. obain the time- _than 2°C. A : .
- egrated and the solu ise i Lo A emperature v purpo obtan - " .
€ . . . - olution rise in_the biclogical specimen js the most temperature profile. From this time-temper- The discussion above has presented <'x:m.|plcs
1n : o - . ature profile at'a single known power density, where thie technique would be-uscful.in either
a1 MO
Y T . ;
 THIS IS A ¢ - I, TR P o .
O X UATL) PAKN, & s 5
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FIG.. 5. Comparison of expérimental and mathes
matical time-temperature profiles are presented.
The ‘experimental profiles are the average of
fou-x tests made on each of the exposure levels.

the specimen at time 7, and T, is the lcmpcralﬁn .

of Ilhc specimen at { = o, - 3

n the case of microwaves impingi Y

c: i pinging on the

§ml specimen in the test tube, glheg energy

absorbed is not equal to the. energy incident.

Therefore, cquation (1) can be written as a
function of the incident intensity, P,

ar .

' S =KP—KT-T), @

where Tisin °C,lisiﬁ wminutes, Pi far )

T s in m\W/em?,

- and .l\.xs a measure of the ’absorbing c/har-’

.;::\!::i;nsm;; of ]Ehc specimen in units -of (°Cfmin/

cin?). The temperature ri im
t, AT, can be cxpr&p:'lmhy e aﬁ).' e

AT =T(@#) = T, ®
Equation (1) then becomes : o

dAT .

4 = AP ZEAT. @

{4) can be integrated and the soluti

K 1111 .
.The ca d time

I?ET'ERI\IINATIOZ\‘ QF THE ABSORPTION d? SlICRQ\\'AVB RADL\T!ON‘

CAT(@) = -’.if(] — e, ®)

*“The absorption coefficient, K, can be found from

the initial i
pmﬁ;s', slopes of the time-temperature

aA : -
487 3T
[ ar -, =P o K= ——-——-[ ! ,’,d']"'.

Using the average initial slopi
1 pe of all th i
in Fig. 5, the value of K was detcnnin:dc:l: bc::
o.(;xqs (°C/min)/(mW/cn?). o
t is now necessary to determine the heat ]
: te b o
cocficient, k. From the :ixnc—lemperatur:

profiles in Fig. 5, it can be seen that at large-

values of f, the e

ot e oo e

e et
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commanly used technique for cvaluating ‘the

amount of microwave encrgy being absorbed by
1he specimen. :

he can dexcﬁe his abserption coefficient,
K, and loss cocfficient, &, for his particular
geometrical arrarigement and use them in

“Temperatures inside a biological speci
have been measured by several techniques.
Guy'? has used the thermograph camera for
recording temperature distributions inside bio-

" Jogical specimens. This technique has the

advantage of eliminating the need for inserting
a deiector inside the specimen’ which might
change the absorption characteristics. However,
this thermographic technique * has 1he dis~
advantage of requiring sophisticated sample
preparation in some cases and cannot Le used
at all for some. biological specimens in liquid
media or interior regions where the integrity of

intained. T e

q (3) 10 obwin a mathematical solution.
Then the investigator can expose the specimen
to any other known power density without the
presence of the thermistor and calenlate his
time—temperature  profiles from this math-
rhatical solution. - -

"The mathematical modet can also be uscfol
in performing exp iments for the d ion of
honthermal biological cffects. Different techni-
ques exist for swdying noathermal or specific
cifects. One techinique is 1o measure the time-~
temperature profile of thve exposed specimen and
-subject the control specimen to the same time-
! rofile. Any difference in effects

with: increasing time of expos
1 xposure. A
values of f, equation (5) bcwxp;am t foe

AT(:)-=1—\;£. o {6)

Using the value for K of 0.0185 i i

. n e
the value of & is found 1o be equal lo%l.l?(l)“::l‘in(f‘)
Inserting the values of X .
the final equation describing the
ature profiles is

AT() = 0.185 P (1 ~ o (1)

per-

also plotted in Fig. 5. The cal

Pl . 5. alcutated and
meafurcd profiles agree within one degree
centigrade of each other throughout the time
pqxod .and the power density range. :

DISCUSSION OF RESULTS

) '!'he me m or 1 ical calcu-
lation of the time-temperature profiles arc
308 T . ¥

for d g the dose

P q

10 or cnergy absorption by a biological specimen.
Another technique for measuring the cnergy
density.atagiven | would be the

ment of the electric.and magnetic fields. "Inside
biological | material - these measurements are

very difficult to perform duc to the size of the -

detectors,” the complex fields inside biological

. material, and the lack of information concerning

the electric propertics of the material. “Thercfore,
at present the determination of the temperature

_rise in the biological specimen is the most

.
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and & into c_:qu:nion (5),

e .profiles are .

the speci must p
sensors such as thermocouples ard thermistors
have also been. used. Gy has shown using
the thermographi hnig that tallic
clecirodes ©or probes, such as thermocouples,
cause hot spots in the specinten. Yherniistors
are” semicond whose resi " changes
with change in temperaiure. The thermisior
used in this study was evaluaed for imeraction
problems, and for the conditions used in this
study, no extrancous results could be measurced.
“The time-temperature profiles were measured

four 1imes at. each power density sciting. The .
* data was repeatablé to within -1°C from onc

test to another. The incident power density was-
imeasured witheut the 5ml specimen by alie
Alodel 8160 Navda power density meter. The
5 ml_specimen was then located at the same
Yocation the Narda probe had been when used

Lo set the power density.
The experimental data has becn accurately
ieal i This

. p
between the exposed and the conrol specimens

woild then be specific cllects. The mathe- -
-miatical description or ‘nwodel would assist in
obraining similar lime-wmperalure profiles at
various power density fevels for Luth specimens.
A sécond technique for determiting norithermal
or specific efitcts 36 10 suliject the speeimen to a

power density level which nmintains the speci- .

men at a given lemperature at which the speci-
men is vinble—for cx:\n.ple,'b:\clcria at 37°C.
“The specimen can Le exposed at any convenient
power density fevel, the 1aathematical descrip-
tion can be furmulated from the absorption-and
Joss cocflicicrits obtained  form  the time-
temperature profile, and the power density level
for maintaining the constant temperature can
then be calculated from the snathematical
description.  Another 1echnique for cvaluating
nonthermal or specific effect: is 10 espose the

_specimen at 2 low level so that the small *

described Ly amath q!
‘miathematical solution can be. very helpful in
determining or specifying experimental con-

ditions. Suppose an investigatof is cxposing

‘bacteria or wmammialian cclls 10 a microwave
_ficld to evaluate if there arc biological. effects.
Tt is important that he know. the amount -of

energy absorbed by the specimen. In order 6

avoid the introduction of foreign Liological
ratter into his specimen by the inscrtion of the
thermistor,” he' can run the initial 1est for
‘dosimetry purposcs -ond obtain the time-
temperature ‘profite. From this time~temper-
ature profile at & single known powcr density,

Y OF MED‘I(;INE.:FOR PURPOSES OF STUDY O RESEARCH IN'LIEU OF LE

risc docs not have a thermai cffect
£ 2°C

T
on the sy

Naump Pr
rise in icmperalure  causcs nho measurable ’

thermal effects. Again Linie-tempcerature pro-
files can be measured at some convenicnt power
density level, and 1he mathematical description
can be obtained from * the experimentally
determined absorption “and loss coeflicients.
_The power density fevel can-then be calcutated
from the mathemtical formulation which does

_not produce a AT, temperature rise, grealer

than 2°C. .

The discussion above fas presented ﬁamphs .

where the technique would be useful in eiiher

JONPE
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DETERMINATION OF THE ABSQRmON OF MICROWAVE RADIATION

The mathematical model will be i

helpful in determining the poiver ;(::sl:‘c; ::");
which will hold the specimen at a desived cox:
stant level or will not increase the lempcra(ur;
above & given level. The validity of the model
xlxhdcp_cndcm upon the capability of measuring

\;\' L
3 the determination of encrgy absorption or the
level of exposure to obtain or maiatain a given
o peraty in the speci These )
%;?2. “ aPply‘pnmaril): to in vitro studies where “the
Hna :mlngxcal specimen is small and relatively,
& Ridge omogeneous. As in the case of most existing’
S % ?‘, techniques, hthe application to more le
T M. systems such as animal studies is much m
W. S difficult. However, with some ingenuity@:hr:
G,c(;,: lcghnle;uc could be applied to specific tissues in
animal systems where sm 11
\:\31'712 implanted. all probes an be.
Prosi SUM.A\.IARY OF RESULTS
e A mathematical description of the time~
Pres perature profiles for exp of a biological
T . specimentoa microwave field has b Jeter-
S;_‘, : mined. The equation . o< de'av'
n . .
o ) : KP
. vAT——‘—k‘(!—e'"),_
describes the ti ;
3 time p ¢ profile. Th
3 - absorption coefficient, K, and los’; coeﬂiciemc
£, can be obtaincd from one experimental lime—.
temperature  profile. These coeflicients will
. depend upon the inerholdingth i

geometry of the specimen, clectric pr perties
the specimen, whether the field isi":::rl:ﬁnu:u:r
pu‘l‘s_cd_, or modulated, and the freq of thé
T Afier ol the matical
model for the particular experi

.

e Ul P profiles at one
density level so that the absorp(ionnan,:lor:s:

_Eocfﬁc;cms' _can .be accurately determincd.
xtreme care must be taken to assure that the

ﬁlcasure_d prcﬁl_cs are correct and not distorted
y the interaction of the.microwave field and
the detector used to make the measurements.
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NTS EXPOSED TO 10° PULSES -

OF ELECT ROMAGNETIC RADIATION

’ . w. D. SKIDMORE and §. J. BAl
Aimed Forees Radiobiclogy Rescarch Institute, Delense Nu

UM
clear Agency, Bethesda,

Maryland 20014 -
(Receiced 30 July 1973)

Abstract—Rodents were exposed ‘10 ‘clectromagnesi
hypothesis that rapid changes in electric and magn:

gh cell turnover ratcs. “The. AFRI
£447 kVfrn with a 5 nsec nise time and 550 nsec e

systems with hi;
second with a peak clectric ficld intensity o
fall time. - Exposures, 10U
5 days pef weck for biological sampling ant
were periodically conducted in ex

¥t was observ

alling 10% -pulses, were continuous €xcept for appr
ol d animal care during 38 weeks.

ed that the reticulocyte count in exposcd rats was T

¢ pulic (EMP) radiation o 1ot the

ctic fields would induce injuries in biclogical
R1.EMP generator prov

carly always greatet thanin -
in peri \]

. nonesposed Tals. However, there-were no.

peripher

cd cellular

- counts between ilie two groups, nor
production in the irradiated group.

similar values in the two grou!

of feiuses (rom pregrant rats S|
observed in the female Sprague-Dawley rats.

did not occur carhierin EMYP exposed aniinals,

this group when com

“The preseat experiment wtilizing the abt

condition exceeding

operate EMP facilities: Exposurcs

acute injuries. .

INTRODUCT 10N

Tue utilization of clcctromagnetic pulse’ (EMP)

generators. by industry and military cstablish-

ments and the exposure’ of pcrsonncl during

n have oceurred in recent

routine operation 1
years (BOWERS and FREY, 1972; HirscH and

Bruner, 1970).. This potential hazard to man
has bcen a matier -of concem; and safety
standards have been proposcd {DeMoss, 1971).
-However, there. are 0ot enough biological
data to establish firm standards.

Basically, EMP consists of a pulse of radio-
{frequency waves with a- nearly instantancous
rise in the clectric -and _magnetic ficlds and
a subscquent decline in the ficlds. EMP
radiation may be ¥¢ i
wave consisting of transverse  cleetric and
magnetic oscillating fields; the amplitude of

Platelet counts in
fthe time. Levels or
ps. Bune marrow ccliularity was not

by several orders of magnituds
of rodents under these

39

i i i

cxposed rats were decreased about 10%
relative counts of circulating
different
ne marrow cells showed nodetectable
alysis of blood demonstrated .

rgne AKR/J male mice, levkemis

nor-was the fractioz of Jcukemic mice greatet in

pared with the nonirradiated control mice. . .
ove-described phiysical parameters represented &

e that normally- encountcred by Lumans who
 ions indicated no apparent

{he oscillations is dircctly rclated to the power
density of the ficld. There could be an eflective
cnergy  exchange from i clectromagnetic
ficld to Uic ancdium whenever these  forces
are. suflicicnt to alter the kinetic or fwtcntial
encrgy of she molecules in the mcdium. A
contributing . effect. of heat is not predicted

because of - the low average power of the

CEMP. It may therefore be qucs!.in'ncd whether
- exposure 10

EMP could present avthcrmal

hazard to man. .

Howevcr, at the molccular level in biological
systerns there are vital ionic and elcctrochemical
progesses which coutd be aliered by rapid

pulses of clectric and magnetic ficlds. These

altered. processes could acutcly affect biological
systems with ~ high
as the. hematopoictic and the

cellular  turnover, such
reproductive

\.A .
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