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Studies on Absorbed Dose of Critical Organ for Alpha-Emitter (1)
(Elimination of ?»Ra from Critical Organs of Thorotrast Patients by means
of Alpha-Energy Spectrometry with using a Gridded Ionization Chamber)

By

Yoshio Kato
Physics Division, National Institute of Radiological Sciences,

It is important to sutdy of elimination of thorium and its daughters from critical organs
for the calculation of absorbed dose from the radiation emitted by these substances. In
this paper, relative activities of each daughter to 22Th in thorotrast at the time of injection
and elimination of 228Ra from liver and spleen of thorotrast patients are determined by a
technique of alpha-energy spectrometry with using a gridded ionization chamber.

The thorotrast consisted of 22Th in equilibrium with 2%Th and was free from other
daughters at its manufactured date. On expiration (6 years after manufacturing), the
relative activities of 228Ra, 228Ac, ?28Th, and each daughter of #Th were 0.461, 0.461, 0.401,
and 0.401 respectively. Furthemore, a thorotrast used in our experiment contained consider-
able amount of ionium (IFig. 3), but thorotrasts in organs of patients contained wvery little
amount of it.

Effective decay constants of 228Ra in liver and spleen were estimated by the assump-
tion that the thorium remains indefinitely in these organs. Since the time interval between
manufactured date of thorotrast and its injection date could not be known, the calculation
was carried out under the condition that the thorotrast was injected at its manufactured
date or its expiration date. The effective decay constant of 22¥Ra was 0.183 or 0.187 per
year in liver and 0.192 or 0.196 per year in spleen respectively (Table 3).
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Tablel. Physical properties of the members of the thorium decay series (@]

Fig. 1. Decay scheme of thorium series.

Seer | Element e o
1 ! ZTh 0.495% 107 407
2 ; 2R 0.103
3 ; 2Ac 0.990x 10°
1 : @ Th 0.362 5.49
| 5 | 2Ry 0.695x 10? 5.76
’ 5 ; “0Rn 0.424 % 10° 6. 40
7 | 25pg 0.138x10° 6. 90
8 ! 212Ph 0.573x 10°
9 212Bj 0.603x 10 6.17 (33.7%) *
10 #2pg 0.729x10 8.95 (66.3%5) *
11 20T] 0.117x10°

(1) Data from Strominger, Hollander, and Seaborg'®

(2) Including recoil energy, where e-particles of more than one energy are emitted,
the weighted mean is used.

*: Branching ratio.

— 64 —



384210 525 8
BN, =2 |
N sus (1 }
=Ny —aN,, i=23, e, 1

AL, 4 &, A BFhZhiRE TR0y
2B & CAENIER, BRREEETS 5.

1 22Th DAzl NYEFEL Tz e Thid
At By 21 BRETTKD EERNI Ny, L
gt =012 % *@Th OEERING ok (B
TIn? i HFETKCBERILELET) & (1)
XLV ') KREFELZNFECT

iN; L ) eH‘t at "3
XIN': : Q= ) (V=) (Xi—40)

oot
C"l_i'z)u's"' ’2)"‘(‘3’5“—‘-’1!2)-}"“-!-
it
T T By P Py iy ], .................. (2)
BIU

.l’iNi.:“I.r? A.rs___'zr_[ e_‘i‘t +
*I’!N'i ’ ('{-’._Rl)(’ls_jl)‘"(Zi"“th)

e—.l,t

GGG Tt
e—Ait l

A=) =2 (hi-1—A)
L7 3.

B ETEOBEERLEN FAZha, az, A3,
PR EoEThE, Bt BT 31 EET
HKOBER 1IN bl 3 TORTE» LOEFLE
Mgl enrsd

(B, o2 R e ®

N /potal S, AGNY
&% HEL Ny gt =0 B33 i BER
KORTFHETH 5.

D torFx ko #Th Rl

gt =0 icBwThu b X Mz ZTh 0k
RBTETCETAE Bt s} 32Th o
PEERE (2) Anb

YN _ 1 1.306e 42t 40.396e %t o.ooen. @
7.8,

L%, (HL Th opEeE & IFFhI»
DT, EHMTIE Vit~0 LB Bnbe Nl
1, N9=N1 & By 7=,

WITEZ t =0 12B W<, b b 521 132RTh
LEEEENR 1O 2Th hbTETEY, fio
FCEFE T AnoRETRE, (2) K& (3)

eea e = = = e e (2’)

E}

873

2 b
AN 73066 Het 1,396t e, (5)
ANy s i

raB, IR t=0128WwT, Pob S5 X}
BHHFENC 32 P D 7 LRFhHETE Tz E
Thi,

Ihb3RE7SuY bt LizopFig. 2TH 3.
B LEHt =0 BT ##Th  2Th ofiz
28Ra B L THFEE L TwhiE, #Th oBg
iy Fig, 2 ©ilg (2) o kit 32 &
2B,

. L2 121
P e e
= —
e
_"E' 0 o e e —— —
E o5 - ! / ﬁ:
= | 12
S |
g |1 |
I (1] |
i / 1'1
] |
| |
I / : L . ’
o L. 5 o 20 30

12
Time (Years)

Fig. 2. Growth curves of activity ratio of **Th
to ***Th in various initial conditions: (1) *2Th
is free from other daughters, (2) **Th is in
equilibrium with ***Th, and (3) thorium series
is in secular equilibrium.
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Fig. 3. Alpha-spectrum of thorium series in
the thorrtrast manufactured 1.09 years ago.
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Fig. 4. Alpha-spectrum of thorium series in
liver of thorotrast patient (No. 1200).
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Table 2. The effective decay constants of ?**Ra in liver and spleen for four thorotrast patients.
Time between Time between | P s S
Sample Organ administration death and Obsex;z?i)agftmty Eﬁ{fgl‘gaﬁf;ay
number &a and death measurement 23y, [%*Th ¢ o ear)
(years) (years) ; Pery .
Liver 0.688 g: . ‘.}gg
896 24 5.83 :
Spleen 0.588 gl ) ggg
Liver 0.604 e
1200 21 3.92 0.201
Spleen 0.583 0.203
Liver 0.609 g ig‘g
1243 19 3.67 -
Spleen 0.654 g ’ :1[.?3
Liver 0.580 s
1520 21 1.83 0.164
Spleen 0.623 0.168
*: Upper figure represents the value obtained under the condition that thorotrast was injectec at
its manufactured date and lower figure represents the value obtained under the condition that
thorotrast was injected at its expiration date (6years after manufacturing).
10k No, 1520, Liver ff&bﬂ‘(l{‘% Z & %j-]-_:: LT"{\ Z;.
N ettty Retle 0980 EoT(7) 37 (8) K (9) b}
B v b TR b EEREE & UM FERRR 0 R o 3

&
T

\\

——

Activity Ratio(#Th/2seTh)
3
=

. s . L
ol Q.I'i'!ré od? o3 o4
Effective Decay Constant, Az (per year)

Fig. 5. Activity ratio of **Th to **Th as a
function of 1, (effective decay constan of
2%Ra) in different initial conditions: thorotrast
was injected at manufactured date, (2) tho-
rotrast was injected at its expiration date.
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AfE ( 0.8~ 0.9 : Fig. 2 kg (2)) wwHhLTh
VNS, ZOT EEEEN S 2Ra oEREER
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HAESERK o #sRod7e. Fig. 512 No.152000 A1z
%9 % 25Th BWERILOB(LEF L TE W 2
DORTHEE (1) ot T2 2EERICERE
L7858 %, it (2) iRy
L7258 5= T, No.1520 ko 28Th iz
L 0.5801234F 3 Zh b 2 BEE DR HOfEIXF
HZRn 0.178/year k 0.182/year Xt 7z-D7:. =
DHEETHE R Table2 #6502 F3h T
3. TORTOLEDE W et F 2 2 8k
RECBE L 725 A, T oMl & IR 12 5
L BEaDETHB. Zhb 46 o T 1 F
BT 0.183& 0.187/year 35 LU T 0.102%
0.196/year r722h, BEREHIEE L 228130%
KENTRN 2.2% & 2.1% Lo, LoTHE
BERI204EREE L 7- D% 2 1> T2 @ #Ra 0HkE
FHRET HHFITE, TORERNICE 22135
I VEETINEI A, 20 PRa nESEE
EREEYENRBEERB LUV ZhbIHET 2
iz Table 31z m LTH L.
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Table 3. The average decay constants and half lives of **Ra in liver and
spleen of four patients*

Effective decay | Biological decay Effective Biological
Organ constant constant half life half life
(per year) (per year) (years) (years)
. 0.183 0.080 3.7 8.25
i 0.187 0.084 3.79 8. 66
0.192 0.089 3.54 7.45
Spleen 0.196 0.093 3. 61 7.79

#: See the notice of Table 2.
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