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Biological Effects of Microwave Radiation (First Report)
Alteration of the rectal temperature of the mice
during the microwave radiation and microscopic
findings of destroyed cases.

By

Hiroshi Horai
From the Department of Radiology, Faculty of Medicine, Tohoku University.
: (Director: Prof. Y. Koga.)
The Division of Jadiology, Japanese Defence Force Central Hospital.

Since the reports of microwave radiation hazards appeared, attention has been paid
to the health control of various workers at radar sites.

The auther exposed to microwave (25cm wave-length, 4 pus pulse-width, 200 pps
repetition-cycle) generated by a magnetron examining apparatus the miice fixed in its
waveguide. The thermistor bridge wattmeter was put to use for measurement of the
electric power as a monitor, and these results were modified with the data obtained by
the wattmeter of the water road thpe.

The rectal temperature of mice rose after the exposure for one to two minutes. The
minimumn electric power to kill a mouse was 27.1 mW/ecm?, Under the lower electric
power radiation than the exposure enough to destroy the mouse, the rectal temperature of
mice rose to a certain level and remained elevated during the exposure, In this condition,
it is supposed that heat production caused by the microwave radiation hecomes equal to
quantity of heat radiated from the body surface of the mouse. The exposure was con-
tinued for three hours, and these mice servived the microwave irradiation,

Under the high power radiation, the rectal temperature of radiated mice rose beyoned
a certain level rapidly, and these mice died early during the exposure.

AR ol



174

BARE ZAFF &0 #22 w25

Pathological changes were observed in the lungs, liver, kidneys, brain, spleen and

other organs.

Main microscopic findings of destroyed mice were the congestion of small
blood vessels and interstitial bleeding in these organs.

These changes similated patho-

logical findings that were seen when a mouse was heaied and destroyed in a paraffin

melting apparatus.

" =B
XS
SER A
1 WA HE
2 W
KB RIT D FH
KERE R
1 BERHS C ST 2H4HEX: RBOEE»
& CFRT R EIR 0 BIE
2 HHEHx=:oHEEREN
3 EZEHHF A oBESEOMBFENRE
# %
1 BEdrsdsH4HE * X3 ofklBoERiico
it
2 HIEHHF X : ofFHBoMBENT R
{Fagks 8
wE
ik
#Ew B
L —%— (Radar) GmAImITHE B % 8
THECIEEFNO-DICHERS N, 2 kit
FAMEFRCTREER S R L0, SR T T
OFIFE BB 0L LA, RITEE T 2845,
KEBP 2 EDIRFEECE XU, & bITERTE
DELCEFEE b3 > CRECEHID <4 7
B I—7 ¥ EHLESLICEDo0H 5.
FTCr=A 7 u v z—FIZkoTE2-FEDH
Erghahd, V—YEHES IUEORAT
i { WHEOEFETRE) —oiiicahos B
%2,
TAYVIIHETUE L —F EEPFE LS
FORE 30 5 HERRRE BID, I

x4 7wy a—7 DRI XY XX VERTE

THEWCERL, BN EE L -5 4 v E LS
BlEAE e TRHABAEER LIS L 3 23

AET2TBLDLHHEITH Y. Fhw
1 7uvT—7 %R LB O 85E L 3
59,

HRENTBV T 2 Yokhkdn [FEEiEE
X b v BE AL L TEERRTD
NN D 28, TORBEREDbh T L I 2
THE Y, TOMHEEOIEE BR 5 12@F D
5)6)7)8)9)

L—F —EEPERE LS T I VBB LE
X, BEWCABEL W ARETIWEERNL - %
72 2o bRAET B XHNFIE & 72 5 XHE
EBL, L—F—¥ (x4 707x2—7) CEE#E
BTz tickoTthosMELrNEILN, B
FE—CBEE: b T 5. AR T
oz —7OREE I, ThERRL CBERE
EL, TODCHEELEZ ETAE, TEOE
F B OBEELE T 3RO ERA kT E
W EMBER, BIUEREECELDBI1T12%
EHE @GR, o RESS YRMEE 74
%, ZNBFHLMNICALRLATIOER T
IR

7B EEE S X oW TR ORE,
NLAEFEZZDOFA 5 o v b XS
RETZZERbDMADRER, ZhEY4 T oy
DX Y 7 BEBL L THREAL TS 5.

ERH*®

L. fESEEE

FEHAINTWBL—FHEELTONE > BRI
FEHT 22 L EEENONMETH B0 H, ML
hAadil< 7 3 o vy RBREEFHEC, I
B H L E2semd oL A & H R X 3 TS
T BHEER & or. OB IRHRF25m T, R
S L UL AERZENZEN, 200pps, 64 ;

200pps, 4 ps; 600pps, 1us, 1000pps, 1pus

— 8=

e ]



FRFNST4E 5 A25H

DANVAEEFHL, FOHARERIIEASLZ L
BTEBREICED2TCE, DI bARERITIT
I R 200pps RN AE A psdD b D F3EA 72,

X470V —7 e REERT, BRH LAV
EENTUAREEY AT (XY 7410
£) OHRT Z OEEFEVEE L 2 BRAERNE R
&0, KE0EFHECPDDRHHEF*X 220
SEREC[EE LERE O SHRLICArEE L), Z
DILFT s & A ESTEHRITIEBL X W 72 BVER D
EF 2.5 A L TEEL, B 2ITo TiRE
PRI L 7. BHEERCEE 3wd EIL T SHEE
WTEELAZHEAXIZANLEELED LD
ST

2. ‘EJTEE
REOEDNES (HJD GAREECE V27
P—3IR7—7Y » FEBIETOFREL AR b
J1% —FIR L, B ORE ¥ KBS 5
THET 55k% & Dk,

B HAE S TR

ZOKERRE <4 70V o — 7B BN
SELE, BAEDL 2B EHMARIEEPE 3
ERTERLINTEY, X LITKEFIKRGEE
FERY, =470V 2—FBFIh b~
ENBVECIFNERD B, ZOBIERE<4 7
UYIT—7 % RRE 25k & @72 0DKEH

Fig. 1. The structure of the water road type
wattmeter
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Note: T.W: taper waveguide
P.R: proof-reading current wire
T: thermocouple
W.T: water-tank
G.T: glass-tube
A: ampere meter
V: volt meter
#A; micro-ammeter
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Fig. 2. Relation of electric power and electric
current in the therrno-couple during the
microwave exposure
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Note: used for the modigication of the data
measured with the thermistor bridge wat-
tmeter
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Tab. 1. The experimental
electric power mW/em? 18.2 At |

No. 1 2 3 4 5 6 7 8 9 10
mice body weight 230 a2l congR Koo o koo ] okl et Pt el B no S INS
before the radiation 36.5 | 36.6 | 35.7 | 36.7 | 36.6 | 36.0 | 36.1 [ 36.4 | 36.8 | 35.7
1 38.2 | 37.8[39.9 | 40.7 [ 39.5 [ 39.4 | 39.5 [ 35.1 | 40.2 [ 39.3
2 38.7 | 38.0 | 40.1 | 42.3 | 42.7 | 40.7 | 40.8 | 39.0 | 40.6 | 40.9
3 39.3 | 38.7 | 42.7 | 41.7 | 41.8 | 40.7 | 41.7 | 39.5 | 41.1 | 41.0
4 39.6 (38.8|42.4 [ 41.1 [42.2 | 41.4 | 42.5(39.3 | 40.2 | 44,4
5 38.7)39.2|40.7 | 41.3 | 42.7 | 40.8 | 43.4 | 39.8 | 39.9 [ 44.5
6 38.6 | 36.8 | 41.0 | 41.5 | 42.9 | 40.2 | 43.5 | 40.8 | 40.3 | 44.0
7 37.8|39.1|41.0 | 41.3 | 41.0 | 39.0 | 43.4 [ 39.9 | 40.4 | 44,4
8 38.1|39.2 | 40.7 | 41.3 | 42.7 | 39.1 | 43.4 | 40.2 | 39.9 | 44.5
g 9 37.6 | 40.6 | 41.0 | 41.3 | 42.9 | 39.8 | 43.1 | 40.6 | 40.4 | 45.3
exposed time 10 37.3 | 40.0 | 41.0 [ 41.3 [ 42.9 [ 41.2 | 42.8 | 40.7 | 40.4 | 44.5
11 37.8141.3[41.0 | 41.4 | 42.9 ] 42,5 | 42.5 | 40.9 | 40.4 | 45.4
(minutes) 12 [ 38.1[42.2[41.0 [ 41.3[42.9 [42.3 | 42.2 | 40.9 | 40.4 | 45.6
13 38.2 | 42.2 | 41.2 | 41.3 | 43.2 | 44.0 | 42.9 | 41.2 | 40.2 | 46.0
14 38.2 | 42.3 | 41.2 | 41.8 | 42.0 | 42.3 [ 43.3 | 41.2 | 41.2 | 46.2
15 38.7 [ 41.6 | 41.2 | 40.8 | 41.3 | 41.5 | 44.6 | 41.2 | 39.9 | 46.8
16 39.1 (41.6 | 41.1 | 41.1 | 41.0 [ 41.2 | 43.5 | 41.2 | 40.1 | 47.1
17 39.5 | 44.4 | 41.1 | 41.0 | 41.2 | 41.9 | 44.6 | 41.3 | 39.9 | 47.4
18 39.7 | 42.8 | 41.0 | 41.5 | 40.9 | 45.5 | 43.1 | 41.2 | 39.2 | 47.8
19 39.7 | 42.8 | 41.0 | 41.3 | 41.2 | 42.5 | 42.8 | 41.2 | 38.7 | 48.6

20 40.1 | 42.9 | 40.8 | 41.3 | 40.7 | 44.0 | 42.5 | 41.0 | 38.5

25 40.7 | 40.7 | 41.0 | 41.3 | 40.7 | 42.0 | 42.5 | 41.2 | 40.3

30 41.0 | 40.1 | 40.7 | 41.5 | 41.3 | 42.2 | 42.8 | 40.9 | 39.2
time remained to kill the mouse 1900
rectal temperature on expiration 48.6

Note: The rectal temperature of the mice duringleach power microwave radiation.
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data
36.0 44.9 53.8
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
20 22 19 23 20 25 21 20 20 19 22 22 21 22 19
36.5 | 36.3 | 36.9|36.4|35.836.2|37.7|35.5|35.5|836.4|37.5|36.5 | 36.8 | 36.7 | 35.6
43.4 | 45.7 | 46.8 | 39.4 | 38.8 | 49.8 [ 48,3 [ 41.1 [ 39.9 [41.4 [ 48.2 [ 47.4 | 44.0 [ 48.1 | 43.9
45.6 | 47.1 | 47.9 | 48.3 | 40.1 | 50.2 | 47.7 | 43.9 | 42.3 | 43.8 | 49.8 | 50.4 | 46.2 | 48.2 | 47.1
44.9 | 47.5 | 50.3 [ 46.9 | 41.1 [ 50.9 | 47.4 | 45.6 | 43.4 | 44.8 | 52.5 | 51.8 | 49.4 | 49.4 | 47.9
44.9 | 47.2 | 49.6 [ 46.9 | 42.0 | 51.1 | 50.2 | 47.5 | 44.0 | 43.4 | 64.4 | 53.9 | 49.1 | 53.1 | 48.5
45.3 | 47.8 | 49.1 | 47.7 | 42.2 | 51.2 | 49.7 | 52.8 | 45.9 | 44.8 | 68.7 | 58.9 | 51.5 | 56.0 | 51.2
45.8 | 48.4 1 49.1 | 51,0 | 42.8 | 55.6 | 52.2 | 52.9 | 50.4 | 46.4 | 73.3 | 64.7 | 62.1 | 59.5 | 54.4
45.8 [ 47.2 | 49.4 | 46.6 | 44.9 | 57.0 | 52.5 | 54.1 | 53.3 | 49.3 67.6 | 68.0 | 63.7 | 56.0
46.7 | 46.4 | 49.1 | 46.6 | 45.9 | 57.0 | 57.0 | 55.9 | 54.0 | 52.4 70.2 | 71.0 | 69.0 | 58.6
46.2 | 47.8 | 49.6 | 46.6 | 45.6 | 56.2 | 59.6 | 59.7 | 55.4 | 55.5 T1.4 | 65.4
48.0 | 50.2 | 50.3 | 47.1 | 46.4 | 56.5 | 60.2 | 66.8 | 60.1 | 58.5
47.7 1 49.6 | 50.6 | 47.2 | 46.8 | 57.9 | 62.2 | 69.5 | 64.0 | 58.9
51.3 | 49.2 | 50.2 | 48.0 | 47.8 | 59.8 68.0 | 59.9
53.6 | 52.1 | 51.1 | 48.0 | 47.8
55.9 | 56.4 | 51.4 | 47.5 | 48.7
56.8 | 58.7 | 55.4 | 50.2 | 50.0
59.3 | 61.9 | 57.0 | 48.0 | 51.5
59.6 | 62.1 | 62.5 | 49.9 | 53.4
62.6 | 64.1 | 52.1 | 54.4
69.1 | 48.5 | 55.2
48.9
47.8
49.1
14"15""115"00"' |16’ 00"’ 16705”| 9°10”'| 8'D0"'| 800" 9°00"| 9730’| 4'30"’| 5'00"| 5"30"'| 6700"| 600"’
56.1 | 58.7 | 57.0 51.7156.3 [ 57.0 | £5.9 | 55.4 | 57.0 | 58.5 | 58.9 | 56.8 | 59.5 | 54.4

cm?), 5.25W (36. 0mW/cm?2), 6.55W(44.9mW/
cm?), 7.85W (53.8mW/cm2) o & Hi5700 5 Eyfis
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Fig. 4. Alteration of the rectal temperature of the mice during
each power radiation.

s /3.2 ™%em? 27./ mRem

7:-=’3:’-H./‘
MW aaSess

@ &%k
$ 3 5 20

™ Bma ] ¥ T ] Tanin
. 26.0 ™ ¢4.? "Wem? $3.8 ™ Wm
nle w F oA
b
-]
&
15 min. 0§ Iowmin,

Note: The dotted line showes elevation of the rectal temperature
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Tab. 2 Cases radiated for three hours
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Fig. 5. Microscopic ﬁndings
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C Kidneys
Note: Mark 1 : Congestion of a small blood vessel
in a glomerulus.

D. Brain
Note: Mark t : Congestion of a small blood
vessel.
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rmocouple in air during during each po-
wer radiation.
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Tab. 3 The rectal temperature of the fixed
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DR L pEAE, RO TNL DL
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JRET 2 7o THRIR 2 ME L7288 1 RO H & X
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BNB X ICE BICERMOBICHI TTL D
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mice in the paraffin melting apparatus

No, 1 2 3 4 5
mice | body weight 22 temp@;‘a— 20 temp. 22 temp. 23 temp. 22 temp.
o] this ap- in this in this in this |— in this
temperature 38.1 paratus 36.5 app. 37.3 app. 7.4 app. 37.3 app.
1 38.6 48.4 37.5 48. 4 38.6 48. 1 37,9 46.5 38.2 48.8
2 40.2 49.5 38.7 50.4 41.1 49, ¢ 8.7 47.6 39.9 51.4
3 41.5 50.1 39.8 51.7 42.4 50.2 39.8 47.9 41.3 53.0
4 43.3 50. 4 41.3 52.4 43.5 51.1 40.8 48.0 43.1 54.0
5 44.3 50.8 42.7 53.4 44,6 51.6 41.7 48.1 44.6 54,9
in paraffin 6 45.3 50.8 43.9 53.4 45.5 51.8 42.2 48.2 44.8 55.2
37 o | - -
melting i 45.8 50.8 45.7 53.4 45.9 .34. 0 43.3 48.2 46.0 5E.t. 2
apparatus 8 46. 4 50.8 46.3 53.4 46.4 52.0 44.7 48.1 46. 4 BE. 2
i 9 46.7 50.6 46. 8 53.4 46.7 52.0 44.9 48.0 46.7 5E. 2
(minutes) -5 47.3 | 53.4 45.4 | 47.8
11 46.1 47.6
12 46.3 47.4
13 46.6 47.2
14 46.7 47.0
15
time remained to | .oqe0 1on R o
Kill the mouse 6'17 7'20 6'15 11°00" 605
temp on expiration 45.3 50.8 45.8 53.4 45.8 52.0 46.1 47.6 45.8 55.2
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