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Relative biological effectiveness of fast neutrons, observed in the
skin reaction of mice, after single or fractionated irradiation.
Hisashi Aizawa

Division of Clinical Investigation, National Institute of Radiological Sciences,

Anagawa, Chiba, Japan

Research Code No.: 400
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This experiment were carried out to estimate the RBE of skin reactions irradiated with Xe-rays and
fast neutrons. Experimental animals used were C3H/He mice, aged 8 weeks. Skin reactions developed
by X-rays and fast neutrons were scored by a method of Denekamp et al. Mean skin reaction scores
for early reaction were calculated from the scores obtained from 8th to 30th day after irradiation, and
there for late reaction were from 2nd to 10th month. The mean energy of fast neutrons was 2 MeV,
and X-rays was 200kV with HVL of 1.12 mmCu.

The results are:

1) The time course of early skin reaction following fast neutrons was essentially sarne as that of
X-rays. However, the duration of late skin reactions produced by fast neutrons were slightly longer
than that of X-rays.

2) RBE of early skin reactions were 1.9, 2.4 and 2.4 for the mean skin reaction scores of 1.0, 1.5 and
2.0, respectively. RBE late skin reactions were higher than. that of early reactions and the values of them
were 3.7, 3.8 and 4.0 for the mean skin reaction scores of 0.5, 1.0 and 1.5, reapectively. The higher RBE
values of late skin reactions than the RBE reported by other authors would be explaned by the physical
and radiobiological features of the fast neutrons used in this experiment. Since the skin sparing effect
was not expected from the 2 MeV neutron beam and larger biological effects were produced by higher
mean LET value of the beam (45.7 KeV/u), severe damages for epidermal and dermal tissues of the skin
were seen.

3) According to split dose experiments, D,—1), values were estimated in both of early and late skin
reactions. For early skin reactions, D,~D; values were 500-600 rads at 24 hours intervals and 980 rads

at 48 hours interval for X-rays, and 75 rads at 24 hours and 125 rads at 48 hours for fast neutrons. In
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the late skin reactions, the D,—D; values at 24 hours were 600 rads for X-rays and 100 rads for fast neu-

trons.

Although the recovery rate of irradiated cells was less in the case of fast neutrons than X-rays, the

extent of late skin reaction for the neutron cases was decreased when the interval between split dose

was extended up to 5 days. Fractionation schemes in the fast neutron therapy should be carefully planned

to minimize the late skin damage after the irradiation.
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a) X#

X#ARMST 1 200kV, 20 mA, 0.5 mmCu+ 0.5
mmAl filter (HV L = 1.2mmCu),F § D =25cu
DGMFC Tigolz. FHERAEIL Siemens 75l
Universal Dosimeter % Jf\+, rad/R ¢ conversion
factor 13.0.95& L7=¥. L34kt d dose rate
134 260rads/min Thohz. X ORI,
B o B LIt 05 % 2 mmPb G shield L
7.

XHRBEST 1© X % 928131000, 1500, 2000,
2500, 3000, 4000, 5000rads % % % 1 [EIfAGH
Lic 1 [EI@45EH: &, 2000, 3000, 4000, 5000
rads % 1, 2, 3, 5HORKETEHE 25 %R
8 UIc o SIS RS & 27T Dt

b) AT

MM T AR RS2 1% High Voltage Engineering
MBIK NEI 3 MeV van de Graaff Jsbig+ i
Wiz, B, thick Beryllium target j= deuteron
xS, *Be(d,n)B X (Ed= 2.8MeV)
& B bhic En= 2.0MeV OHirhi: T4 {F
FI LY, Target Skin Distance 25em TS 2 477
“27z. Dose rate 3§y 7 rads/min -THotz. T
#io contamination |3#915% CH ot HEHE
AR B0 Sk & b, Paired chamber #-{di
RALTHTiew, FEBRE FA—4&04T RE Lk
pellet DfHHEIRIC X b FBSHRRZHHIE L. R
OBl <y 20 BT LA 0413 borated
paraffin - shield 17-.

HAPYET RO B4R E 1 BB O4E 300,
500, 700, 1000rads & L, ZEIRHDEE I
4 500, 700, 1000rads % 1, 2, 3, 5H[M
[ CHEREE 2 4 EIIR et Uiz,

3. KERIGDOHE

B A B Lc A, AR L6
W UTEolk, dry desquamation, moist desqua-
mation 7g & DR RIGHEZE S h 5.
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Table 1. Skin Reaction Scores

Early reaction
0.5 doubt of any difference from normal,
graying (A== 1/2)
slight reddening, graying (A < 1/2 )
definite reddening,
no hair with slight atrophy
2.0 severe reddening or dry desquamation(4-),
atrophy
2.5 dry desquamation (4),scales (A< 1/3 )
3.0 moist desquamation, scales ( 1/3 <A<
2/3)
3.5 moist desquamation, scales (AZ=: 2/3 )
moist desquamation
area (A) =+ + +
A= 1/3 3.0 3.5 4.0
113 <A< 23 3.5 4.0 4.5
A= 2/3 4.0 4.5 5.0
Late reaction
0.5 graying (A= 2/3 )
1.0 graying ( 1/3 <A<C 2/3)
1.5 graying (A< 1/3)
2.0 no hair with atrophy
2.5 residual uleceration (A= 1/3 )
3.0 residual ulceration ( 1/3 <A< 2/3)
3.5 residual ulceration (A= 2/3 )

1.0
1.5

Denekamp J. 5% Field S.B.®, Bewley D.K.
KU van den Brenk®® 03 §h#y o BIIRAYIHREE
BRISOBER—~EoMKNELX T, K% score
DHEBEL LT RRT 5 HitheEZ L. CH/He
Fwv A w i 48 o Bz, Fhbo
Score System [z X 5 ¥|EHHUE & IR, Table
Liem Ll Fifcie K% v e, BIe, Zhb
DHFEEEHE 13 TP R <k B o Realk, dry
desquamation, moist desquamation Xz &< [ZJnD
BEY B REST 5 Ldie, coHEc b
TR ODEOERBREY bitdT s LT
5. ERBIEMEIE T, B2 TEEL
7D graying, [ atrophy Tk 0 HE OEEE
X b Bl RS HIE L.

Dl EDYFESNec 3ES &, B 1 » AL
ATk <E6E, Matk1 » ALBIOrAET
OB 1 B AL, BWRIGHE, L
.
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Fig. 1. Skin reaction versus time after irradia-
tion of one group of mice given 200 kV X-rays.
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DISHRBGR L, 1 7 BRI ZEE O ARGy
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W84 3 A iz, -+ hair follicle MAEH @
YRR B L, epidermis ik 4y 5 v @I
BiaRpotcfiifar MR L, IEEHRo 5Ly
Th MM RIRD bR 5 B, HKE
Mo OAL & OB oREE P E 7
TR BH, ORI WIRRIET RIS
TR Iehof.

1M w fe s &, MR © B2k, hair
follicle D OFEH, HEI FD b (Fig. 2-
b)), WIRMC I EE oZEHRBED RS X 5i1icit
e,

10z, epidermis D% FE#L L
7= dry desquamation HHHEIL, k@O
—cBEEn s, TOLUFTIHFAEN S,
KEEOEL MK LD>2H S (Fig. 2-0),

M4E#%IE, EWEIGRE &Y, EEB%
D L\~ moist desquamation k7 b | HEFTR
LEEYEH LIcRVEBEROF R 23 5%
A0 BHBH, 10ABOPTR L3k, LI 8
Ele oo RS b bh, o4 cikiiiao
¥, BMkd B LicoT< B (Fig. 2-d), Ll
¥, EEo FAur S, REBXLEL
L, BEEOFAE R VBED LN, ETHR
OEEH S Bh s (Fig. 2-e),

B, X#R5000rads fEgiic LA, FEdeis
EORIEROMBC R LicEE L, Thics|¥
i < ARG e, BRI K. AWIRMK
JEH R 2 L7c 14 R ofifikf e 25 L, 5
O T TR e AL Bl D S D 4
HELT % &3, WHORAAYED L5 —f@
DFEMBaD B AN HE T

BT $11000rads % JESE Lo H W D FH S %
AR BT #E L, 2o iREmT
X e LB aoRR LA U ThHH, KA
HEOEMIXBC LB IV SEDL LV LR
% 1= (Fig. 3-a,b,c),

2. 1[EBHEHC I BEERIEDORBE

Fig. 4 13 X# K O HEF #3530 Bl BOE ©
Pl LicboTth b, Bit, XiHR1500rads,
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Fig. 2-b. Section of skin, Tdays after single dose
of 5000 rads of X-rays.

b o ST At e
Fig. 2-c. Section of skin, 10 days after single
dose of 5000 rads of X-rays.

Fig. 2-d. Section of skin, 14 days after single
dose of 5000 rads of X-rays.

, e
Fig. 2-e. Section of skin, 30 days after single
dose of 5000 rads of X-rays.
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Fig. 3-a. Section of skin, 8 days after single dose
of 1000 rads of fast neutrons.

Fig. 3-c. Section of skin, 30 days after single
dose of 1000 rads of fast neutrons.

HAPPETRR 700rads & 2R 1 GRS Lo
B RICHER % 55 &, #OfBic k£ T,
BEIERIGEE, WO AR £S5 bz
D BRIV, COBAORBER 2,15 5T
BT ENTES.

Fig. 5384144 8 HAs 30 H I 2 ikl o 54
B RE% & BHBRC DWW TFES L, %® Mean
skin reaction score % BL i fE L o et - 5
FLO'X > Dose response curve T %. X
BT R R A B I 2 e, s TR
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Fig. 3-b. Section of skin, 14 days after single
dose of 1000 rads of fast neutrons.

3,0
—— X-Rays
B 1500 rads
E ===~ Neutrons
E ﬁ% 100 rads
-4 o
' —-

Skin

I
10 20 30
Days after Irradiation

Fig. 4. Skin reaction versus time after irradia-
tion of X-rays and fast neutrons.

EARLY SKIN REACTIONS

8--30 DAYS

3.0 X-Rays '
= Neutrons -
= 31— - /i/ -— 4
& ) / ~— 24
AR — 19
= / // RBE

J T T 1 T | — 1 L 7]
0 1 ? 3 4 5

Dose (krad)
Fig. 5. Dose response curves for early skin rea-
ction in single dose ircadiation of fast neutrons
and X-rays.
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curve % ItiliF LT, Mean skin reaction score 7%
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DX TAHEERIEORBEXRDL &, £

hFER 1.9, 2.4, 2.4&%bh, KMIGORB
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3. rElfEGER

XA, HepdE R RE A STV T B Ol &,
FOEE AR T BT, 20EIRHERAYTT
feotz. Fig. 6% 1 [EIBS, 240F) B OF 48R ~«
B TIT oo X 2 A EiE A B O SR 8 H A
H30H ¥ TOEMRICHRTHS. KR 2 b
hicENEbHoCh, 1 ERBHEDORIET24,
A8 DR % L o B X b b Ie b, ol
BEHr Lici e i B ERE O KA\ —ATHR
Wi Lo RGO RiEEY 1 BB 085S X
DHESLHTHD.

i Fig. 7R3, #pkrid v
2 A EIME SRR B\ T, A EIESh X B EE
X EERBC BT A BER TR

Fig. 8131 X{iEs#8 H~30H @ [l Mean

HARREZ MR agE H33E B35

4.0
5000 rads . 4000 rads
g 0 [
8 f’\
a - ‘s
e \ { "\
\ A "
& R 2.0 f \ ‘\
-] \ . d W
o . .
@ ' ir' \
1.0 1.0 5
L L
10 20 30 I PRI Fana S o
10 20 30

Days after Irradiation

~—-——gingle dose
—— 2f. (24hr.)
-- 2f. (48hr.)

3.0

2000 rads

-
10

o T
10 0 30

Fig. 6. Course of early skin reactions developed
after irradiation with single and split doses of
2000, 3000, 4000 and 5000 rads of X-rays.

skin reaction score % 2 AFE[RBEITE i > T 3R
¥, 1[EfRSOEiD Dose response curve * {0
LicbDThs. RhbiBbnicldic, 2H
DLEAEEREER LT, £ 0RIEOBERR.

3.0 4
g ./ | 1000 rads 700 rads 500 rads
L)
i L A
g 3 o
£ b [z Vo
’ Vol S \ | —..-single dose
= \\}\ : v\ ——2f. (24hr.)
g . ——— ihr .
& 3 :\ ';‘p \ 2f. (48hr.)
S N 1 .
= t“xi\__
| : I ' ! 1 L | T T T 4 i T
10 20 30 10 20 30 10 0 30
Days after Irradiation

Fig. 7. Early skin reactions developed after irradiation with single and split doses of 500, 700

and 1000 rads of fast neutrons.
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EARLY SKIN REACTIONS
3.0-] K=-RAYS
= ¥
: e
£ 704 -// %
- e
= ~ 5%/ o — single dose
/g// o — 2f (1d)

5 = P a— 1 (2d)
= 1.0 / i a— 2f 1

v o— 2f (5d)

L L I B R |
0 1 2 1 5
Duse (krad)
Fig. 8. Dose response curves for early skin rea-
ction obtained after irradiation with single and

split doses of X-rays,

Early  Skin Reactions

Fast  Neutrons
2.0

Reaction

Skin

@ — single dose
o—zf (1 day)
A—2f (2days
0.5 A—1f (adays)
o—2 f (sdays)

Mean

i T
0 500 1000 1500
Dose (rad)

Fig. 9. Dose response curves for early skin rea-
ction obtained after irradiation with single and
split doses of fast neutrons.

RO OhHN, FERRSERHRIED Dhisye.
DM E LT, #1[EEOBIH bEEE O
basal cell ¢ sublethal damage 338> c[@lfl
L, Thick EREAlasEe X v, 28rE
ZARMEHILA R & LT h, ToREIPARMMCK E
Tl LTHDE bbb &L bhb.

Fig. 9 i&drhfETHe X 2 BF RGO 2 I
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Table 2. D,-D; at 24 hours and 48hours for early
skin reaction irradiated with fast neutrons or

XNo-rays.
D,-D; (rad)
Skin — = .
Reaction X-Rays Tast Neutrons
24hr, 48hr, 24hr, \ 48hr.
1.5 480 980
75 125
2.0 660 980

Early Skin Reaction

MR R T Xy B L Be E R
D, BHED S X 5 FEEREETERO HIRE
[’

Bl Eo%Ee X v B bhicBaEo KEEEO
[Elfg#% Dy-Dy #ifik: LTFETR T2 L Table 2
r3weins.

B, XERIBE24R5H# D Dy-Dy il 500~
600rads, 48[Rif]# Ci 980rads LB DI L
T, TR © Sk, 2485 T75rads,
48T ds T 126rads Lo b, X{ROBHE
& I LT Dy-Dy f3EI3EN .

B : MaIBZ BUG

1. B0 B B I

Fig. 101ZX§74000rads, 3 rif:FH1000rads %
1 BIE g LR oI R B HR T h 5. Xt
4000rads % JEA Lo a, JESHE 2 » AGEN LR
B RG RS D354 & kS Rl o BIRAYET R A
RTRIEAHEIR Ui, B, M\ A{blEm s
oz, T2 D LREEREIGE LT rhidfEs
A, R TE LB AR ST B L
fo. FOBBIIBSEE4 2 Fh b5 PR R,
L EL 6 AT TR L.

—7J5, HMErpiETHR1000rads % @5 Licid, K
OB AR XL L& LV 445
DAL, JBEHE 4 A B & XERBE A 52 1o
& L 13ER U AR R R o7 W IS A B
L L s. £ LTRIGORF M X iR B2
F A XY e Rdofe.

Late reaction DS % ¥GidT 5 &,
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Late Skin Reaction

3.0
X-Rays
ol 4000 rads

.
(=]
|

Skin Reaction

._.
=)
l

5 10

3.0
Fast Neutrons
4 1000 rads
2.0
1.0 —————. -
T T T T T T |
5 10

Months after Irradiation

Fig. 10. Late skin reactions versus time after irradiation with fast neutrons or X-rays.

Early reaction mi# & i LT, —IcEEO
MMBIC <, BTHMROIRIZ N, KL
FELL, EWEANIBELTCWS. EREED
BEWIE CCAboElifh, ERo%B Lo
EVRIAL, BTRMOBTH LIcLrzRes bh
7z.

Xk, HPHTFRBSRE L ORISR X
EILELRRS biedyote i, bk TR B
DL XEREL D 3 X 5 TH 5.

2. 1[ERSHe X 2 BB M RGO R B E

Late skin reaction ¢ Dose response curve |i.
M RBE O XIRRHE 2 5 B2 5104 BreE
ARl F W G score % 3FE# 1L, @ Mean skin
reaction score LRI {EHL L7z, Fig. 111270
Dose response curve ThH Y, Zhbo fhigs b
EPETROXMICHTHRBER Rd B &,
Mean skin reaction score » 0.5, 1.0, 1.50
WK CTEhLh 3.7, 3.8, 1.0&7c27c (Table
3).

LATE  SKIN  REAGTIONS

3.0
B X-Rays
g Neutrons
i %
// o~ __—
5 | e -8 o
z - s 2
.: 18] /'n /{/’ 'i_:.—' Ay
| e
v
— T = T T T
0 1 4 §

2 3
Dose (krad)
Fig. 11. Dose response curves for late skin rea-
ction obtained. after irradiation with single and
split doses of X-rays or fast neutrons.
@ —single dose, 0O—2 f. (1 day),
A—2 f. (2 days), A—2 £ (3days),
O—2 f. (5 days).

Late skin reaction | J %|iij35 @ Dose response
curve I35 &, XEBHIC BT 5 G
1500rads 75 HEL L, %@ Dose response curve
DEETRMFILOEE LD Sk Zhic
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Table 3. RBE and D,-D, at 24 hours for late skin
reaction irradiated with X-rays or fast neutrons.

Skin D.-D, (24hr.)
Reaction REE X-Rays | Neutrons
0.5 3.7 575
1.0 3.3 575 100
1.5 4.0 600

Late Skin Reaction

FLUT, EPPEFHBEATETI 500rads 5 B HE
LIRS RO & 1%, BHREOHEI D B
WANCRT, ThEEORINC X b i KkE
BRI BB 5 Z L ZR LT 5.

3. AEIWEEIEER

D EIRSH 378 DT © Bl Rt Dose
response curve |} Fig. 11ic/REhi-t kb ThH
Y, SRR A 245 & Lic4 D DDy $iid
Fds &, XTI 600rads, T i
100rads & 7gofz (Table 3). & it B8
RIGOBOBIEHRE L i12iE%E L.

ChRRLT, FeqgdlMExiERT5E, X
BRIBSHIFT13000rads &3l ¥ 5 & B RS B4
[HIFE 224 DB E X D 2 h BT 5. o
A 3E T 1000rads Ay SR ST & %02
2 (el

5 B

Bt X 5 B G Fowler JLF.12 = 1 %
&, Fig 2R T#ERE L 5D EHE L b b,
B, PR o HBAYEA @ Bi5 LT\~ % basal
cell REFEH 2 Shi-fEctttd+5. L
2L, L0 1#EHL byvik, ARMcT©
Lot b 5 e gibh T, BSER
RS bluis .

L, 1iBHZRE BEN bEEORK, %
TEMED I ik, 20 AR#ICIE moist desqu-
amation » B EIGIIEIG LR Y, R4 X585
7z basall cell o4 i pEof-flilk o B4 b HE
%, 12 ARGl 5. Lr L, FiciE
N5 &, basall cell @jf4FK 0 dermis o
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Days Basal=Diff+Keratin

o 7778

2000 raods

s |\l o s
Inflamm.
10 uzz:_@ll reaction

[ ‘ Flakes off
1> szm" (Dry desquam)
20 HZZZ I_J Moist desquam.
i —t——lslands in
2 iﬂﬂ- moist desquam.
30 ‘Z ol 2T—Sca\b
ST
35 ‘7% i Return
é . towards
normal
7778

Fig. 12. Model of cell depletion in basal layer
after irradiation. (Fowler, J.F.)

B E s o TEBXER L Lin 5.

L Z AT von Essen®™ 1 1 % L, AMODIEH e
BEJE @ tarnover time X1SH H18HME b EH
i, Yamaguchi T. 6¥px,ve , b & foicE
B TIL basal cell @ cycle time [LIF¥ e ©
I 120F M TH B A, 3000rads @ 8 FiREAEE20 H
12k, £o cycle time 3654 R, 15
* 04 Lo T B, RO EiNs, &
NIEEORE TR RIC LickaBig s LT
DEEERCI B D EEL BT W,

AREBRTH LR ICHESN X 5 BRI BiR
P B BOIG & MR & Ol 2 L ko X 51T
8%, X##5000rads fEEIEC 4 Ui: basal cell
[EETAEOMMEE LT3 BB b flE R
fu, 5 BESCIE basal cell ofliinilid & U<
DO D, TEENEOFHH AIRENCEE S 1
BB dermis DFIEAFE 1L <, FIER &7k
D, EROWBI I VELL, 2:BMBc e
B Ol & o T A, oK, 10H
BRED O BSOS D Bk T B A o B
IRAORE PR S b, WP ZE 5 X 5w Al
s RO TS, RRAC BRI b
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ORIl T X5 BEBRLETTS. 2L
T, BAANCIZFEE L 2 ~ 3 ED basal cell 1T
IO S B EREE Y, ARMAILE
HRAE L 72 5.

o B OBER B BUS R ERFHN T 5 fodic
Ex bhic 1 >OTEELFRE Score system TH
5. BEIEE score v X % BMRESE O EHE,
JRD B2\ TP TR & XARORR % Hlt
L7z Bewley D.K. LP0O#ific 2 THTHRDH L
5. Fofk Fowler JLF. 5! Denekamp J.
5%, Hill RP. BI®7 X1 X3 =y ADQKF%
JHFoSEEy . T Field S.B. B8z 155, |
e RER T & o¥EEEE £ DI L dGT
AIE bhTwaa, TOFEBHERC X 55K
HREE OB T ChicEFER LT 5.

FEl§ o i basall cell K¢ dermis % {55
T % %4 ORI T 2 BRI ROMR L LT
Bbhs o L 3MBEROMB L VLA THS
B, IR #A basal cell @ dose response
ELTEBRTERELS.

Withers H.R.2973 Albino mice(WH/Ht strain)
OB I X ok AT L, B & ino TRk
A A & T Ml k3% nodules DY {6
21, #HEHm4a 32 2 L, Dose survival curve
R THER, in vivo ki) 5 REHIKED Dy 1%
135rads ( 125.8--149.9rads) EFit L T\ 5.
[ Emery EJW. 5721SAS/TO straing Albino

AAREZHHRESMEE W33k B7H

mice @_F Ao Dose survival curve % Withers
OFELIGH LTRSS & Dy 1% 135rads ki
T, strain (3RO C b _EFAIIAO B S i
ik kEN . B, R LR EG
@ Dy-Dy #i4i & clone H:od % & Hi24F5H « gD
2y ERS O, ThLh 525, 570rads Lok
i, ohbl EBHER Y B C S
DfEIL X ¢ —F LT\, Score system # FH\»
o B BBV B ffifiae> dose response & X
JEd 5 LN ZDORBIC Lo TERFES hichbl) T
H5b.

BE i RS IE R AR )T 5 B & HE
THLDI, BEbrlBAshTEL, &
At T & X RO w i s lodic b, MR
EEFIGHE D B bhvic. 3T R <7kcxs
=, &, ¥y b, =02l onwC B EIGD
R B EMRD bhic.

JED BT AR O M e 38, Hsgo S Thil
DLCWT, B, FRER L, ETIRIEEK
DT ARCE . Bewley DK, 52115 &,
B o onT 8 MeV X fi L HilF Licisa o
HAPETERO R B Bk 1 EBS I 2.5, ¥717
H e 6 [El o4y ElfEs 4 Lickicii R B EiX 3.3
Ligote, B, HEIBEHE LIRHCIZ R B EAS
Fex A L TAE b T, Stone R.S.20 pifE
B LICIER AR DR\ B 3B & s Tl A iR B
BRI OEELBRS.

Table 4. Table of (RBE)n for skin response measured at comparable
levels of response, equivalent to given X-rays or electron doses.

Dose | af RBE of neutrons Dose of RBE
X-rays Early damage | Iate damage | Early damage | late damage electron Early damage
7 —30days 6 —25weeks 8 —30days 2 -—1(months 8 —30days

1500 1.70 1.38 ! 2.9 1500 2.0

2000 1.52 1.60 2.4 3.b 2000 1.8

2500 1.67 1.79 2.4 3.8 2500 2.1

3000 1.87 1.58 2.5 4.0 3000 2.4

3500 1.97 i o 3.9 500 2.8

4000 2.10 — 4000 3.1

4500 3.3

5000 3.6

Animals rat (Field, S.B.) C,H/He mice C,H mice (Hill, R.P.)
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Table 4 i3 Hill R.P.1®, Field S.B.® i 1 bh{F
Tebhic GH =v 2, 5, F ORMKOBRIIRE
BRI S EORRER L Lt DTh 5.
ZORTHLILE Lk, BEYENKIEORBE
T h O SR E 2T S RES BN B ol Tl
BRELRBZET, i CGH =w = (Hil,
Z » b TIL3000rads 23X T HOR B Effio |k
ANE L. SEOEETIL, Generator @ dose
rate p310rads/min [IF C, EREORESC Ty
P % 5875 £, 3000rads L\ @ R B E o bilFirc
Eigholed’, fED LA RBED ERi
M ohcilbbhd, FOEBIOWTIZ2—3
DEENDD.

Field S8.B.0 (3IEH 7o W @ s\~ T 3 Frsg
hypoxic cell 234 F W T\ T, FhNERE D
T, HAPHEFHA1500rads 28 % 5 & R B EfHEA
EHF5E1LT\wA. Hill RP.® 4 i33H UE
RThoT, IEHfodizd hypoxic cell o
response {3\ VIRTEIC B % MIBERI OB 5 & &1k
Hed B L. Fofilar bl ofhoiiiaziss
MREGOEZH, FEBFR LTIV, A
LTd, BUEMEIGD 1 EREScRT 5 RBE
37y PR EBRWT, CGH ~v 2, KTt 2,50
BLEZBRS.

i, et Lot bR L E s
LRI OD BRI RIS THhBH., L L, Field
SB. 07y b AVvic EBTIE, BUEERIG
DR B ERYEE RGO Th & iigE Ul v s
LTWwa, e ARk \WTh, Hd
PeTHC KA T BRIBEOW UG 1 32 s
7o, L L, SEOER BT 3 s G
RBEZFRMRIE © Zh X b & KEifEirxRimL
7o, SO\ BRI B BUE O BB LT o RE
PEELTWAEEEL Bhb.

a) SERIC{ER Uiosrp i F iR o MR Ry ik

b) SEFRMETR O£ YRR O MR

H—FE (a) OEIBE LT, EB 8
PR = 2 —HEE L e 5. Field S.B.,
Bewley D.K. A3 H - ieilirhik:F#i%16MeV @
deutron % Beryllium target |[2ffjge X & T b
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foE =3 A+ — 7.5MeV @ i T CHo
T, FEPEFHR © buildup 13 ¥7Cs Li3iF%L
WO, 5, Catteral M. LYD& X B &,
T RRIE R E I DT B sz Skin sparing
effect REHZE R 5. KHE, =% #H
Liz 2 MeV i Fiiz it build-up effect |3
BEB L B bhiys, von Essen C.F.29 |z 1
% & epidermis DEL L 0.1~ 0.6mm, derrais |3
P AmEFbh o T, Wb T5 o buildup
DHEMC LY, BFRIEOBECHTL D DEHi4
Chz &pEz bhb.,

F2%&H (b) oM, EECAGIEFHE
THOLETOENEF RS, Bb, 2oL
WEH L = — 2 MeV S F-Ho
L E TRRE D i X5 £45.7KeV/n TH
h, Hammersmith Hospital ¢ 7 5MeV ojfirh
HTFHRD ThikeoKeV/n ThHoT, Hfrf sy
h DRI 52 5 BHEHEDO = 2 L+~ van de
Graaff generator s 78 b hvie 2 MeV o3 it T
BROTFHDTE DK E .

BE2onEH LY, 46 o EBTLL epi-
dermis J; 0% dermis iz 7.5MeV Hirh{: T
BOBEIDINIRNEL DA F—235.% 5
i, $6oC dermis DIEMFAHHE < KWL B Wbl
TERIEAER L T b, WRlBW Rt % £ & LR
B EfEARE IR B FHEM A D E 2 bh 5.

¥, b5 12o0FREE LT, BEOMERT
% dose rate DIBEHICIEZ E2iE L Hhs, B
B, OB IV FESEaz) 2 -2 —DEX
LB ENTAHETH D, beam OIH IR
B4 (I5%RE). XBR O bR B %
ZFICEOICCRAE 2B &, XEOBERHEE
10% HCOREHRIIKI 8 %, MbdE 1B 13
13% &g b, HEhlTFRATEO R X%
B ID & B, BPHTRo L8 RE~
DEELGEWENRIGORB EfEX K& {358
BD 12 ie>ThH AL E 2 bhs.

LT AT, ERC FH LIEPE:TH O dose
rate 2AXEEE Kl LT, i b (v & 2%E
FIED ECRIgE L 7o 5. Hall E.J919 3 Hela
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cell % w7z SEBEp B, dose rate 3 o 255
P E W SR Y ) © 854 100rads~ 1 rads/min
“T#H 5 & L, Chinese hamster cell % T,
Radium J 7 Californium-252 fifj3% ¢ dose rate
BR & Wl Ll f55:, dose rate 23 {EL7nB &
RBEfH 2 K &L eb tHELTB. Ak,
Radium @ v $#IHE X 2 48%H1% dose rate
W X B8 A iR 5 B A8, Californium-252 1z
L BHEETFR T STk zoRER e, |
L, ZOEBRTEHH &hi dose rate |3 Radium
OB 1311.7~562 . 5rads/hour, Californium @
AIL1.27~5. 21rads/hour & 2 Te DKL, 4yBL
{ir@> dose rate T Jsi) % beam radiation & (3#0fa
T HEELSVRD EELORLN, KE
M EPHETREED T, L ETO/R- SR
FOTREEROET( b X 2 HEIXE, THO
BEIVILWLEELBRS.

Elkind M.M.® 227 pZEECRXT VB LEED
& L E THSHROBERGRCOWTOLH0H
BEEBR O FERE M Loy

Las U, HErpPEFiagsy Bi & i, 7
B BRI S & X0, BeltlE s RS T sE7c kR b
B BB LT gl bigu.

HEM I, 2 &I U7y BUf OREE 1147 <
7%, TR UL OBRO S EIRSZIRIL Dy-Dy
MiETHhEETs L, 2AMO MREEB &, X
MOBA L 980rads, MR © BEI I 125
rads L7 %, [AFRE @ BW FIE % g e g i
L TRENE e b, drpEFROBERS
ERHA LTh, AEBREXEL Y /I
B, dihi T a0 e XROBE L b,
Xy BRI iR TE AL BT 2T B, )X,
2 U B diEpEa R LTdh, SEBHORE
VR IIRRE RS B LTk e h R Lisy . BE
iz, Yamaguchi T2l d Holc X v, it
BHR & 500, A 2o Hifaik sublethal damage
P ORERERE L, EFMEL D 350 EH
ic repopulate L, f#&DEELITivbh, 62T
% 2[EH ORRSTOMECTFZ 5 5 721T D repopul-

ation 2NA8RFEILIAIICIZIETHR T 5. Doy

HARESRHEMESES WI8E H75

ZIRRE 2 HEA kRS LicS & o RIRAI BTG O
BEICIT R ERENR WO LB LT 5.

et B FUE BT 2 @ T 5O R B B R
JHBL I BUE w ELBE LCHE i K& dvode, Zh
BOXHR, WhETHOERYH CCoskREE
5 HE L& 13388 U i B RIS o 2 B
BET LT Bib, Wi B R G0 SEBLEE
CiERERER R WE LTS, FORERXTES
RoE< T 2T, MHHRE B 5BEERL
7:jiﬁgﬁﬁ§%.’ﬁﬁ = 5 ZE %k. .

® W

HAP AR D & Fe, BkoBOTEEP
PETHC X B [EF o response Iz, IEHHM
OEEORETS 5.

RESR BN 13 O @ X B IER R ISHEE ©
RE L R L LTl EFbh T RTw2h
Pk o Blan b, #epiET T X5 B RILY
CiH/He FH=w Ao T X & Ll L e

FHBFERD TR T iHv @i

1D HEAPEETFRIC X 2 BB RS OREE IR X
BOBEEIFRAEELL, HBEINBKL TR
b, B4 LRSS GBI LRUD, 815 A%
AR BT m S .

2y RIREEEIGO R B Eit Mean skin reac-
tion score @ 1.0, 1.5, 2.00KT, Th*
1.9, 2.4, 2.4k7co7.

3) BRI B RS BUS R R 2 ~ 4 o B LR i
BL, k% iz dermis o2 ZHTH
5.

4) WpIREE RGO R B Eir Mean skin reac-
tion score @ 0.5, 1.0, 1.50OEKT, +hT
3.7, 3.8, 4.0k7ch, WEhHETEC X B
[ O FEEN I XEE L D b

5) SR 2 HEIBHA TR, RHEEEIE
OEEHE, DD fiiErdRws t, XioBs
r24MERE, 48F[EIHR % hEh 500~ 600rads
UF 980rads X 7gofc. FHIZK LT, ATz
“E375rads, 125rads L7n D, XX D dic hiE
< ZoEEREO T SRS &
bEZ DD,
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6) BRIIEMRIG w5 De-Dy #idiiT o4
2[BD Bfy, XETL 600rads, kT cit
100rads & 7¢ofc. LasL, #EfEax 5 HE L
TS &OFIEHBHEROEGEE X D dELC
X, EPHTRC LA ERBREBEAr o -1 %
PET B DT bHBELEEE L 5.
Fiae#sidich, ZEL, ML EGA RS
FEM PR ERE, EBEE—4te, ¥l og
M, CEMA TG RETERS 2 RRE, BTl
Rt s HEEEL T, FAMRLEE A BT,
CRBRE R Wi WETERTREE, #EyE—o
+, FBE-MEERE, BEEHELE SHLELEF
¥, TR, CoMRC S By E - RENERS 2
B, AMAHE, SIERE, MhBFE, i
M, SRERcEhZhABLELEFES,
ok, RIEXOWEE X FLIEARESKEERELES
2, HREHFELERRFE ST R TREL 0.
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