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Combined effect of fast neutrons and ~-rays in mice
by

Kenji Takeshita, Shigetoshi Antoku, Shozo Sawada and Hirofumi Okanishi
Department of Radiation Biology, Research Institute for Nuclear Medicine and
Biology, Hiroshima University

Approximately 1000 ddN female mice were studied to determine the effect of mixed irradiation of
14 MeV neutrons and Co-60 y-rays in terms of lethality and hematopoietic injuries.

Mice were first exposed to neutrons, and to y-rays immediately afterwards. The intervals between
neutron and y-ray exposures varied from 5 to 10 minutes.

LDy cq0, of this mixed radiation in equivalent dose ratios based on RBE of neutrons and y-rays was
1040 rem. RBE of neutrons to y-rays was assumed to be 1.5. Comparing this dose with 870 rem for Co-
60 y-rays, an RBE of 0.84 was obtained from mixed radiation.

‘When neutron dose was expressed in rad instead of rern, LDy 4, of the mixed radiation was 870 rad
and the RBE was 1.0. According to Glasstone, an RBE of 1.0 for nuclear weapon neutrons is the best
estimate obtainable at the present time. The results in the present study agree with Classtone’s estimate
for neutron RBE in mixed radiations.

‘When mice were exposed to a given biologically effective dose from mixed radiation in varing ratios,
mortality was higher for neutrons and y-rays only than for the mixed radiation and gradually decreased
as the ratios approached unity.

Daily mortality and weight change manifested patterns similar to those of neutrons and y-rays ac-
cording to which component predominated.

The effects of mixed radiation on iron-59 uptake by circulating whole blood and liver, and femoral
marrow were additive regardless of mixture ratios. This comrehensive study is continuing.

Considering RBE of each component, the biological effect of mixed irradiation was not additive in
dose for some biological responses. For such responses, dose effect relationship cannot be described

according to the biological effective dose of the component radiation alone.
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Figure 1. Thirty-day mortality in mice after
irradiation
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Table 1. Thirty-day mortality of ddN female mice exposed to mixtures of
®Co y-rays and 14.1 MeV neutrons

) ’ 0 ] 30 day-
= Bomy g o aphes o mice dod]| o,

Unirradiated Control 0 20 0 /U
Irradiated Control

7 4507 450 900 20 11 55
Mixed irradiation

N 279471 419 838 20 0 0

N 32147 482 964 20 3 15

N 340-7 510 1020 20 8 40

N 360471 540 1080 20 14 70

N 3844+ 575 1150 20 19 95
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Table 2. Thirty-day mortality of ddN female mice exposed to mixtures in
various ratios of *“Co y-rays and 14.1 MeV neutrons

Doty | Do raio | Nember o Number o mice dend | sl
Unirradiated Control — 100 0 . o
Mixed irradiation

N 600471 0 100: 0 70 50 71
N 5404-7v 93 90: 10 70 40 57
N 4804-r 186 80: 20 70 41 59
N 3904-7 326 65: 35 60 14 23
N 30047 465 50 : 50 50 20 40
N 21047 605 35: 68 60 32 53
N 12047 744 20: 80 60 41 68
N 60471 837 10: 90 50 33 66
N 047 930 0: 100 60 53 88 B

Figure 2. Thirty-day mortality in mice ex-
posed to varing mixtures of ® Co y-rays and
14,1 MeV neutrons
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Figure 3. Comparison of the daily mortality
after irradiation

:: 0: 100 N: 0,7 :930
*f__ oo n"FEnﬂ” ﬂﬂ|n nnno i
4} 10:90 N 60, ¥ : 837
o SRR 1 1 Y P
L 20:80 N:120, 7 © 740
by connlallne 0s
ﬁ s 38:6s N 210, 7 604
§ ’r 0. n nnn"”nrm”ﬂnnnn 1
a 4F 50 : 50 N2 300, ¥ :© 465
E L 0o oallonnal o o0
§ 4 55:_.5!'» N : 390, ¥ : 326
2 -
nonon 1 n, nn )
4 8020 N: 480, ¥ © 186
2r ”. allllann o 0 .o !
Fas 90: 10 N : 540, 7 1 93
o N 1 M
4 100: 0 N:600, ¥ : 0
S Y 1 1
0 5 10 15 20 25 30

DAYS AFTER IRRADIATION

FPREVDE, ThHOMICHIHAEELED D
R oz, Fiz Fe-50f8HiE T >WTiL, =7 A
OEM AR Lo T, &END Fe-59%
NESECTHDZ LEFER LI IAET, B
faho Fe-5of i X AEENKE L, BRI
L AR A B 0D bhukhol.



1324

Figure 4. Body-weight curves for 30-day sur-
vivors in mice exposed to mixed radiation
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Figure 5. Femoral bone marrow cell count
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Figure 6. Fe-59 uptake in blood and liver

*10"
16
Contral
Liver
14 - 1
2 |- 8
_—
e
B
gmj)%f% \%/f{
£
=8
2
. 8 .
=
2
= g
o 6
T
Centrel
4 |- i
f% Blood
(] }\
2 - h-.__‘\}__ e —_— _
0 L | L 1 L
NI 100 75 0 25 0
Y. 0 25 0 75 100

DOSE RATIO (%)

TEDEMELTHS, Zhbolfgm kit s

ELTHRBT % v 5Tt o Tioishnts bh
T 5. BIBFIC X BHEHE O H 43 5 fra
2oV THE, FurthE® o#ffnis 55, T
& v ROBEEIhC X 5Py ERANCgE L1
WL Vogel WP oy o 4 b b o ¥
L. Vogel S8z X v, T - v B oREH
N2 11 OLERLBEINEL, 1 1B L01
P2RBGBEE, BERUTCHD, TR
THRBEIXZIhFH0.91, 0.96, 0.97*(5E4hH
B WA HEIELRTWS. BREeMRET I
TERPBPT 55T, APEosER LA L T
Botey, BA LR o ounTiE,
DL —B LRI S b hindhof. -]
4l 1 1 OFEHEDOR B E X ABIZEC120.84
LWL S iz LT, Vogel o+ 4130.967 1.0
ATWEEZRLT5, ZoFEEE LT, {#i
LRl = 5 L ¥ — , B0 R e &t
HErbhsb,

Glasstone ¥, [EEE 1 X5 rpl: 8o 2
BHEFEIRCS T 2R BE £ LT 100V b T
BETH D ERRTBY . RKPFF Lo

T ChLORBE{E: Vogel o PRty M H
f’«%‘i;&?ﬁﬁu;o“t KRB fETH S,



A Fn454: 1 B250

HEFHRO =2 A F - IBEROTh L VIR
<, HlilEE LTk LS 48 TiXisvh b A
gy, BN TR ESRCEARL ¢ 1ol
HEOR BEWX 1.0CTH Y, pETHORBE L

THERULL, R E 1.0EW5 2 Ei2ied.
z ofititx. Glasstone »Z: 5 Pk FOR B EHS 1.0
EWVWHfHE—FHLT5.

Jordan 47 o EERELD AR S E L B
A G O R, AP ER U, HEAESE o
FhEBUER>HBTHS . BHAESHEEES X
O° Fe-59iHIIC B9 2 IR A HSHR 0w oW T
MG THBHE»EUHECT 5 LR TER
motehs, L ESHEEDRICABRIZX 5 sk
BoRxBEsbhichot., zoZ Lk, Ei
D L WA B D C Bl i e R s\ TRF
RERT Hi0ic, ThbOBEHRBEOER
DRGEELTOEMG XL TWDZ EbFELbR
5. LxLZ o ChEE AL, Jordan S0
BEREOME LR S5 AR, AP B1T5 Fe-
SN, HHEMEoMETEH 3B L,
Sib AV AR TR AR E < Bl A
WMOTWABEZ L THAH. BIMEIEET X 2FED
PR AE RS 2 8 BHEGC I\ T b IRA RS2
A TH B E 5, FlBira B 2 & o)
Bie oo TR BIEREZ MR L T 5,

RAMBHHC BT BIETROM D & mANH T
B ik, B TIRFETE 2 A bivieys 100~ 400
rem ORI T 5 bk - ZRBARL Foh i
Bl LM R TV I € Jik Ch B HEHER
IR ORI AT B - 0TS, hETFHIE
bR X 2Rl B L, FRifEEC X
AT HEENLFE <, W v FEEEzE K
EhefEERE LTS EEh TS, BEHEDL
LS mo T TS O T fRofE
DIE TR ThZhMLREECERNT 2R X
OEHEEC X 225 FRTicVWSh b A
STHBIDE, EREPHREIFRICTHIETH
DETFTHLBbRS.

SR D B A D i R Q F ofiy
D EMNFCERH SR T55, R B ERFFE
HEOPRER S B L CIEARMc mEE TR Y b
DT B . — Y BT B R 0 445

1325

G & L E T Eobiin b, ERBREOMHAD
FrimhkbEr Bl bLRBEOER I A
W L LR o fEA » ST Ko TR B
P, E TR Bh B AR R B TR 2 B
iSRS s T, HFE“RBE” Off
HpWe & LUEAHER RS 203h D T AR
Tl roTmRaEani:.
E W

14 MeV rhif: T4 3 X0t Co-607 @D RA RS
12k % ddN it = & 2 0 BICEHR S X 0k MR
IS TFE R T\, IROFERE2E .

TR & Y BROREGLA L L 1k S LD
socaort T 1040 rem TH b, Co-60 7 FHiIZH4 5 =
BATSHREOR B EIX0.84T H 2 o, iETH
LA TF 4 & LDgogey t% 870rad L7z b,
Co-607 ##®D LDsysy &M LT, RBEIX 1.0T
Hoto.

T4 LUV Y §1 0 LDgggon 12 #1243 5 A fd
R A M4 ORA LTI L IcBa, BhE
HOFERIFELEL, BEE11 1 1ef3<
o THEOHA A BRIz,

BHPFECHE S X OMEEZ L, WIho
SIS LT, ThZhdEFiHs IV
RE B S U -HER R R L 7.

1y, FEE e Fe-598 Hitks 1 OB ST A0 fa st
DA % RAIREE 240rad o L RE
H BRI <, HiphiEg & vEI U EEnEE b
oyl

CRHORELD, LUK D EMFRIZIR
PEINC R B RO BARBI T VWL, £
DEYFRIBIEH R B E X e Ah - & o
ELTHRE LW EDD D, AT ELY L
L CHERAIRBERERT s o LI TERL I
AIRE L.

Fia s cfia, HEYEC  BEN 2B o tEX
BEHE GUNKEELD BN SEREERE)
BEolmrEds.

i o RS 3 & 00 O REIIGE 7 & HEWANIE B R 5
TR RS XU R Bl BxRT
5. BT, GENEL e, BESET, XA8,
ABRLEZr oBEoWliBE e ok, s ikcBLTH
BEET 5.

— 73 —



1326

X &

1) Antoku, S., Sawada, $., Yasuda, T., Kamo
chi,Y. and Tanaka, N.: Nipp. Act. Radi-
ol. 23 (1953), 674—682.

2) Antoku, S.and Yoshinaga, H.:

Radiol. 23 (1963), 90—-99.

EEEME, BEMZ @ KRFEENSEH, No.

4 (1963), 6—T.

4) Glasstone, S.: The Eftects of Nuclear We-
apons, Revised edition, USAEC, p. 578—
581,1962,

5) #iE T : ABCC Program Review, ABCC,
Hiroshima, 1968,

6) Furth. J., Upton, A.C., Christenberry, K.
W., Benedict, W. H. and Moshman, J.:
Radiology, 63 (1954), 562—569.

7) Jordan. D. L., Clark, J. W. and Vogel,
Jr., H.H.: Radiation Research 4 (1956),
T7—85.

8) Orso, P., Congdon, C.C., Doherty, D.G.
and Shapira, R.: Blood 13 (1958), 665—
676.

9) Randolph, M.L.:
(1957), 47—57.

10) Report of the RBE Committee to the Int-

Nipp. Act.

3)

Radiation Research 7

HAEFEREME &ML 5208 Hl0%

ernational Commissions on Radiological
Protection and on Radiological Units and
Measurements Health Physics 9 (1963),
357—384.

11) Sawada, S. and Yoshinaga, H.: Nipp. Act.
Radiol. 23 (1963), 1080-—1084,

12) Schneider, D.O. and Whitmore., (.F.:
Radiation Research 18 (1963), 286—306.

13) Storer, J.B., Harris, P.S., Furchner, J.E.
and Langham, W.H.: Radiation Research
6 (1957), 88—288.

14) Vogel, Jr., H.H., Clark, J.W., Jordan, D.
L., Bink, N. and Story, V.M.: Argonne
National Laboratory Report ANL-5247
(1954), 30—42.

15) Yamamoto, O., Sawada, S. and Yoshinaga.
H.: Nipp. Act. Radicl. 23 (1963), 141--
145,

16) #HAHRE, WP, EAME: KEESE, 16
(1963), 837-—849.

17) Yoshinaga, H., Antoku, S., Sawada. S. and
Yamamoto, O.: Nipp. Act. Radiol. 23
(1963), 85—89.

18) #HAHEEH, LEEE, DEREE : KAFEEFS
#, No. 5 (1964), 80—87.

— 74 —



