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About the High Flux Thermal Neutron Irradiation Spaces
for Small Animals in Japan.

Hiroshi Yasukochi, M.D., and Noritoshi Watanabe, M.D.,
Dep. of Radiolclgy, Fac, of Medicine, Univ. of Tokyo.
(Director: Prof, T, Miyakawa)

Recently the problems of neutron exposure are discussed also in the part of biology
and medicine mainly for the researches on the treatment of malignant diseases, the ac-
tivation analyses and some biological reactions. In Japan, chances of neutron researches
using accerator and reactor are increasing, but in present time, medical and biological
researches are greatly limited comparing with that of technological part because such
-aparatuses are not designed for former purposes.

In this report some capacity of thermal neutron exposure spaces for researches using
small animals such as mice, rats and rabbits is discussed mainly on the points of widness
of the spaces and data of thermal neutron, fast neutron and gamma ray from our expe-
riences.

For this purpose cyclotron of Tokyo University (in Tanashi) and reactor of Japan
Atomic Energy Research Institute (JRR-1 in Tokai) and of Tokyo Atomic Industrizl
Company (HTR in Kawasaki) are chosen and some experiences are performed using
these apparatuses. The results of the spaces and the dosimetries are shown in Table 8.
In the point of conveniency, No. 7 hole of JRR-1 is most superior among these three
apparatuses because the exposure cage is easily handled in or out during the reactor is
working and this space is only one space designed for exposure of animals, but the space
is too small, the flux distribution is too ununiform and the stability of flux is too unstable
for such experienes as shown in Tables and Figures. In the cases of HTR reactor and
cyclotron, these apparatuses are designed without considering the oppotunity for the ex-
periences of biological or medical parts, the spaces for irradiation are constructed temporally
using paraffin and lead. Consequently the spaces are enough wide for the experience but
it is impossible to change the cage during apparutuses are working. The dimensional
uniformity of thermal nertrons is most excellent in the case of HTR in Fig. 17.

Because these apparatuses are mainly designed for technological purposes, a medical
reactor or accelorator is expected to be built in near future.
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Fig. 1. Scheme of cyclotron.
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Fig. 3. View of exposure space for animal.
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1. Cyclotron room. )
2. Detector room.
3. Switch board and electricity supply room. Fig. 4. Position of space for animal exposure.
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Io ¢ neulvon £lux (n/em*/sec)

A : aclivity of the product (dps)

N : number of the targel atom

@ = cross section of the target material (cu5
Ti < half life of the product (min)

1 : time (rradiated (min)

12 : lime belween irradiation ¢ detectéon (min)

A= kC

C: counts per second in the defector

k: correction factor ofﬂle detector
_ 3.7 x 10°
Cps of the material o.1 pe

Table 1. Estimated dosage of neutrons and
gamma rays from cyclotron.

total neutrons| neutron flux
nfcm?/183min. | nfcm?[sec.
Inside of [thermal 1.1x10% 1.0x10°
exposure
space fast 1.8x10° 1.6x10°
Outside |thermal| 1,.8x10% 1.6x10°
of _lwead .
shield  |gast 5.1x10% 4.8x108
Gamma rays in exposure space. 15mR/5min.

AAREEHHRF MR 2% $og

PFE &R 200mR) 2 Ah ks,
1L TH 5.
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Table 2. Research reactors in Japan.
Name of reactor Address Type .gigig;num E?%j@::ﬁﬁt.h;;gml Eg:égrgli
JRR-1 Joo, Tokal, | Enriched uran- [ soxcyy 1.2x10%  [1957 June
JRR-2 ” B 5| 10MW 1.2x10% (1960 Oct.
JRR-3 ” pataral uran- 10MW 2.0x10 (1962 Sept.
Ry Do B ot T R worw | soior Joane,
Ry Tt | et Ra | Bnriched uran- | 100y 2.7%10%  [1961 Dec.
T Teactor | Rawasaki, ached T | 30KW 4.0x10"  |1962 Mar.
S g e e B T
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Fig. 5. Mechanism of reactor.
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Fig. 6. Fxgure of JER-1 reactor.
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Fig. 7. Entrance of No. 7 hole in JRR-1
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Fig. 8. Mouse exposure box.
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Table 3. Thermal neutron flux of No. 7 hole in JRR-1. as calculated from 1961 to 1963
{at top of cage-exposure box)

Gl vy T st sy N e s
16-Oct. “61 | 3 5.0x10° ||29-JTan. 63 15 | 3.0x107 |23-Apr. "63 15 | 6.9%x10"
30-Nov.’ | 3 1.6x10° ” .| &9x~ o v | 6.8%n~
27-Jan. ‘62 | 10 5.2x 10 ” " 3.0% » ” ” 5.7x10°

v ” 1.8% # ” v 3.0x » |[14-May '63 15 5.4 %10¢

” " 3.0x10° ” " 4.8%10¢ ” ” T.2% »

i ” 8.0x107 ” 7 5.7% # ” 6.0 10°

” | > 3.0% » ” ” 6.0x » " " 1.1x10°
22-May ‘62| 15 | 7.2X10° " " 6.3% » ” ” 4.5% »

n | w | 8axa | ” 1.8x10° ” % 9.0x10°
o w mex | ” 1.6X ” % 1.0x10°

” P 3.0x ~ | ” ” 1.7% ” ” 1.5%x »

" " T.2% w ' #” " 2. 1% » 2 2 2.0% #

” ” 5% |~ | 1.5x ~» |5-June '63 90 | 3.5%10'

o { v 6.6 ~ i. " o 2.0x # o ’ | 3.5x~#

” | 2.7xn» | 2 1.1x # |27-June’63 3 | 6.3x10°
13-June ‘62| 15 9.5x10° [~ 15 | 1.5x~ ” 5 8.1 »

" ” 8.0x~ | " 1.8x% » ” 60 7.5% #

” ” 9.1x » |. # ” 1.7% # w” 90 T.6x #

P P 8.1xn» | ” 1.9% » |28-Jan. ‘64 120 7.5%10
R #n | 8.8x~s | " ” 2.0 # " o 3.Txn

" " T.9% # " " 1.5% » ” 15 2.5 w»

” s T.T% w " " 2.3% # ” 60 3.6

P ” 6.7x » |[13-Mar.’63] 60 1.3x 108

” 10 T.6% ~ " s | 86107

" ” 6.9% # ” ” 5.6 »
| ” 15 6.4% # P 2 T.5% #
6o 6.0x~ ||
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Neutron Flux Distyibution in the Cage
ouler live showing the contour of the cage
(moy 22, 1962)

Fig. 11. Three dimension distribution of thermal
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Fig. 12. Disturbance by mice on thermal neut-
ron flux.
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Table 4. Cd-ratio
e | exposu-
e Cd-ra [neutron flux A
Date position |7 oy re time
tio n/cm* sec i
Top of
cage 0.3 6.0x 107 60
1962 June " 0.1 " 2
13 (12) | 10cm fr- )
om top. 1.6 1.3x107 v
#” 0.7 " "
1963 Mar.| Top of
13 (3) | cage 2.5 5.6x107 ”
” 1.1 6.9x%107 15
1963 Apr. u 1.2 " "
23 (1) | 5cmfrom
top 2.0 2.8x107 ”
L % o«
wm flux ol the 10¢ it | .
:1"'““ = %ms:i ¥ 100
(: defected points 2«3‘ = x "
= v
50
E] it ; .’ 7
L ° N . . :"" ‘y"..‘ N, ';..;.r
ol
10° T | o7 nfcnifie

10 107
neutron §lwe of thetop of the (age

TFig. 13. Indicator for thermal neutron distribution
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Table 5. Gamma ray dose in No, 7 hole.

Method of calculation. ‘gamma ray dose (R/h)

Ionization chamber
(Radcon 606)

Non-covered | 7T20— 750
1 mm Cd covered [1100—1200 ’ 300— 400
5cm Paraffin covered | 570— 590
Glass plate
1mm Sn covered (1500—1600 ] 180— 250
1mm Cd covered | 6E0— 750
Film badge 500—--1000,
Lethal effect on mice under 300
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HTR reactor

Table 6. Neutron flux in exposure cage in
HTR reactor

Number | Neutron flux |

position of gold | 107 nfcm*
foils sec ] _
In front of internal cage] 8 | 9. f6+1.47
In middle of P 6 | 7.90=0.87
‘ At back of ” . 9 5.72x0. 54
: | In front of external cage 2 6.12-+2. 54
Fig. 16. Exposure cage and position in thermal In middle of ZB NN [ 5.36+1.23
column of HTR At back of o 4 4.3240. 52
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Table 7. Gamma dose in thermal column.

gamma rays i i
(R/h) ead sh-
Method lead shield ield (+)
Non-covered, 852 558
| Ionization :
| chamber  0-5mmCA | 440 2460
| Radcon 601 Sem Paraffi- - 15
| n covered -
150

o Bz owvTid JRR1 b EIRREIE L SR o
B ANRET TR RLTHS.

i
b RA  @EFETE) 1 3JRR-1, No.
TH, &R ECBMIRS A CHSRTe WD T,
REFZE % 5> DGR 7 o v 7 OFES £ TH
B d DR, FHIRC 2R oW THERSE
72 (JRR-1, No. 77FT BRI % MCeEnR)
ST ERED Z ERIERCERNAETH D, IHT
o 7 DA BT Lo Ty MO YD
TE 2 & JRR, No. TADHETIEAWE
F#EZB, —HEBERCHLANRTERCDT,
F—1r ST FT T 7 ko Ta#FEED Track #
Raxnd, @RicHLUANT 258 RNz
v RUEMO N EROSE, EBROFMZE
PEECANZTRE, Dk dEPETFETT
DOREE LD TIEAEND S M.

BlE o filvc i FRAEE C & 3 HERS
b, ZhEEPEFOERICEFERTE, ERT
Y=, SOHERD BN, BYRSEAEE L T#f
HEFEE LAV 35,  Z2MER S T b

1065

[HRER D b, IRERO ST AL AWIZE
A {0 TRESRBARIETF RS ORI ERRI
I IR WIS OB OEE b hiE
RbHRAWVEEZEILNS.

%2 OEFBZOWTR I s 1Ll D
e iid BN, BeTREBREY B hiEY 4 7o
b oy OB AR A e 2R S 2 L AN
sk, F DR OBBORLRED R, HER
OEEN[IEF D, HPET L LToEE
X 2 NOBAETFIC X 2 B0 L TEPHET
DIAE, RIFTPRRCE 2 B OEERESO
HeER A ERALETHE. JRR-L, No. 713%
EEXNDDOUBRNOTDIELRIZH DT
»oTEER Y B UANHSRS I EIEEICER]T
» % RREOARE— & REZRNRE T W3 FE
BCRRIL B3 d 3. F O SBPETERER
U —T » b RS2l Z 0EBROBEL [
FMIA L, BIAERSR ANRTL <A T R O EE
Ped B0, HERALHR S 2 RIS EE3
DONRIEFWEETH .

st CERR L 7m =0 DEEE o TR
B LD X pFICT E D7 B-BEARE
TSR TH Y, RICSHPETARR Z 27,
ZNEFEOBRA 1 ~ 2l T bETE R
CTHEFRR T HHDIT ZNLEITRLTE
5. 3BRER gROBERTHY, TORIT 500
R % T i s AR LS A8 REFoR
PR LT H B FEEEIRIC B ¥ 5 22D R AR
SERLE

TR L Bk Bl T, J§SREERIRF

Table, 8. Neutron exposure spaces in Japan.

Cyclotron Tokyo Reactor JAEI JRE-1| Reactor TAIC HTR

Univ. (63~ ) (40kw) No. 7 hole | (100kw)Thermal column
Thermal Neutron ey
Flux (nfem?. sec.) 0.5— 1.0x10° 0.5— 1.0x10® 1.0-- 5.0x10®
?g?:mljzg:gn Flux 1— 2x108 under 10° under 10¢
gamma ray (Rfh) 0.2— 0.3 100-- 200 120— 180
Maximum Neutrons )
for 500R (njcm?) 7x10% 7x 101 5% 10t
Possible Space (cm?®) 202040 5x10x 5 303030
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(Medical Reactor)19202Lp00gske T ¥ 2 &4 112
&), BERROBERIZE W TACICERT 20
BHIEBDONBL, 05 nERISHHEL
THLRS. ZToEMNRZEICIEYR, E
FROEMNT 100% & Y ANGN D Z & 2805+
5. TUTHIROGPIINRUETEH B Z 3ok
ThHBR, PFoGhcEAREM T, FOEW
FRKZ . ISREBCHEMA T 3 AROBER AR
BRLAEWEWIBEZRL TR AZLAWEES.
Table. 9.  Desired conditions about animal

exposure space in medical research
reactor,

1. Space : over 50cmx50cm> 200cm

2. Neutron gamma ratio : over 10'* njem?
10°R.

3. Neutron flux : 10°—10¢ njem® sec.

4. Remote controlable for circumstances
(air etc.)

5. Remote controlable for maintaining
animals, and monitoring.

6. Easy to decontamination.

RAZVDEZZ LI EDEDORLDEI TS
3. IR 2 R0 AREEC AL TV
B, THICRLAETF—F IV ZOBREDT L1z
NIZEMEAEHRB LEZLNS. IR T
BB HIBR 2 5 DIFR T AN D TH
EICHLANRTE B & 5 2Ew2R L, FoMic
BEHESHT 2 BT L KRS O o SR s
BeBAR—DDENEREY F L w3 %
bYDTHY, HRAERFEL LTAEYRE R 2O
T, BHE, Y— 1 M, SO 3ol
UTHERAZBCERBDOD » &2\ & 5 &R G
NERLA. 20> RFERBRT 52 & 24
WICHETBRIETH 5.

BB m S o R M R 5 &k, BYS - 1
FEHEL E hieh o ERKFEFEFRIERN, HARF
NWGERT, HRETFHELERRT O M RS 5,

(B3 o BEwH 137TE—IEMTE3 A, Ro
157 —MEFI394E 3 A @ HARES % i § 52 S M T i 22
THRELL. )

x

) ZIE, ¥mEe : B+ Fmkiso 1 2%
2wT (1, 28) (BF=rq1 viEm), B

HARE FHARE S 248 94

E i, 19, 44—53, mE35,

2) T. Miyakawa, N. Watanabe, H. Yasukochi:
Applicability of neutron capture therapy
using colloidal boron, 10th international
congress of radiology, Book of abstract p.
158, Aug. 1962,

3) WRAEFEFHMERN, v 7 vy b, 1957,

4) JRR-1 3tAFIM BA®, AHETFHIETEE
WE%e AT, IE35.

5) WHE TN MRt oM.

6) H.O. Steans: Elementary medical physics.
p. 254—255, Macmillan company, New York,
1947,

7) W.S. Price: Nuclear Radiation Detection,
P 258—317, McGraw Hill, New York, 1958,

8) E.E. Stickley, L.E. Farr: Neutron capture
therapy: depth distribution measurements
in tissue, Am. J. Roent. 75, 609—618, 1956.

9) JRR-1 1w 302 ik T3k o f5FM%E, JAER
1004, 1962.

10) Pre-therapeutic experiments with the fast
neutron beam from the medical research
council cyclotren. Brit. J. Rad. 36, 72—121,
1963.

11) J.E. Radford: Nuclear energy simplified: P
73--84, Macdonald, London, 1961,

12) D.H. Martin: Correction factors for Cd-cov-
ered-foil measurements, Nucleonics, 52-—53,
March 1955,

13) L. Miyanaga, M. Yamamoto, K. Bingo: The
thermal neutron responses of Film and Sil-
veractivated phosphate glass and their mea-
surement of combined thermal neutron and
gamma radiation, HAREF ¥, 4—1,
431-—435, 1962,

14) R. Yokota: E. Sakai, S. Nakajima: Glass rod
dosimetry, health physics, 5, 219—222, 1961.

15) JRR-1 o stik, JAERI 10031, 1962,

16) JRR-1 o sz 4%f45, JAERI 6001, 1961.

17) W= FFic st s Bifo 9, AXE
PR, 19, 1275—1283, 336,

18) RHEB=E, FXFE: ~v 202l Fed+s
Xk, Co® # v -<ff, 14MeV it Fpm a4
B RE - B E RS, 1080—1034, nmg3s. .

19) E.E. Stickley, L.E. Farr: Design and perfo-
rmance of field defining apertures for neut-
ron capture therapy, Am., J. Roent. 75, 602
—-607, 1960.

20) J.B. Godel: Mechanical componenents: Me-
dical research reactor(MRR), BNLG0(, 1960.

21) L.E. Farr: The brookhaven medical reactor,
Science, 180, 1067—1071, 1959,

— 12 —



