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Population Doses From Brachytherapy in Japan, 1979

Tadashi Hashizume, Takashi Maruyama and Kanae Nishizawa®
Division of Physics, National Institute of Radiological Sciences, 9-1, Anagawa-4-chome
Chiba-shi 260 Japan and Department of Radiology*, School of Medicine, Kyorin
University, Shinkawa 6-20-2, Mitaka, Tokyo 181, Japan

Research Code No.: 302
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The genetically significant dose, per Caput mean bone marrow dose and leukemia significant dose
from brachytherapy were estimated on the basis of a nationwide survey conducted throughout Japan,
The survey was carried out for the collection of the over-all frequency of brachytherapy treatments in
the age-group and exposure factors on the patients from a known fraction of hospitals and clinics over a 30
day period in 1979,

The annual frequency of brachytherapy treatments was estimated to be about 25, 300.  About 869,
of the frequency of treatments were due to the treatments of cancer ol the cervix, About 309, of
treatments of cervix were carried out with an after-loading method.

The gonad and bone marrow dose were calculated with a Tosbac 3400 computer using the MIRD
method. The distance between the source and gonad or bone marrow obtained from the MIRD
phantom was converted into the distance for Japanese bodies with use of the standard body size by
age-group.

The annual population dose per person was 1.5 prad (15 nGy) for the genetically significant dose,
15.6 mrad (150 pGy) for the per Caput mean bone raarrow dose and 2.6 mrad (26 p.(Gy) for the leukemia

significant dose.
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Fig. 1 Definition of exposure positions for brach-
ytherapy.
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Table 1 The annual frequency of brachytherapy treatments by age-group and type of sealed soerce.

Male Female
Type of source Total
0—14]15—2930—44| 45— |Subtotal | 0—14/15—20| 30—44 ‘ 45— ‘Subunal
Radim 226 | — | — | 40| 470 | 510 | 120 | 120 | 570 | 8,420 | 9,330 | 9,740
Cobali 60 | — | — | —| 460| 460| —| —| 460 8,820 | 9,280 | 9,740
Cesiim 137 | — | — | — 50 50| —| —| 520 3,460 | 3,980 | 4,030
Strontium 90 | — | 40 | 190 | 410 | 640| —| —| 220| 50| 70| 1,510
Gold 198 | — 120 100| 220] —| — = 20 20| 240
Total — | 40 | 350 1,490 | 1,880 | 120 | 120 | 1,770 | 21,370 | 23,380 | 25,260
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Table 2 The annual frequency of brachytherapy
treatments by sex and type of disease.

e of | Male | Female Total
A 710 330 1,040
B 410 310 720
C 60 20 80
D 0 | 21,600 21,600

Others 700 1,120 1,820

1,880 | 23,380 25,260

*A : Malignant neoplasm of buccal cavity and
pharynx,

B : Malignant neoplasm of digestive organs and
peritoneum,

C : Malignant neoplasm of respiratory system,

D : Malignant neoplasm of genito-urinary organs,
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Fig. 2a Dimensions and coordinate system of adult
human phantom for international standard man
(dimensions in cm)®
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Fig. 2b Anterior view of the principal organs in
the head and trunk of adult human phantom®.
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Table 3 Fraction of bone marrow weight used
for calculation of bone marrow dose (Adult)

I No.‘ of Bone marrow
Part g:;:letnc weight (g)

Head 1 55.6
Mandible 2 1.8
Cervical vertibrae 3 22.3
Sternum 4 20.6
5 4.0

Thoracic vertibrae e 2.0
7 3.0

8 28.6

Lumbar vertibrae E =N
10 28.6

Sacral vertibrae - . Basl
12 ; 32.9

13 16.7

14 17.4

Scapulac 15 17.4
16 17.4

17 17.4

18 17.4

Ribs 19 17.4
20 5.6

21 42.6

22 42.6

Iliac bone = i
24 42.5

Femur 25 87.1
Arm 26 28.0
Total 26 765.0
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. Table 4 Gonad dose ann active bone marrow
dose per ImCi hr of **Ra, ®®Co and “Cs
source embedded in uterus.

Source | Gonad dose | Active bone marrow
mrad/mC;hr | dose (mrad/mC;hr)

*Ra 157.0 88.9

*%Co 250.0 145.1

H1Cs 74.5 2.6
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Table 5 Population doses by sex and age group.
Genetically significant dose per Caput mean bone marrow | Leukemia significant dose
Age group 10"* mrad per person per year | dose mrad per year rarad per person per yer
Male Female Male Female Male Female
0—14 0 0.097 0 0.000 0 0.000
15—29 0 1.097 0 0.092 0 0.022
30—44 0.290 0.001 0.019 1.191 0.011 0.246
45— 0.004 0 0.363 13.95 0.091 2.232
Subtotal 0.294 1.195 0.382 15.233 0.102 2.500
Total 1.489 15.615 2.602
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Table 6 Population doses by sex and type of radiation source.

Genetically significant dose per Caput mean bone marrow | Leukemia significant dose
Type of 10" mrad per person per year | dose mrad per year mrad per person per year
souree Male Female Male Female Male Female
#°Ra 0.292 1.192 0.101 6.960 0.022 1.157
®Co 0.000 0 0.015 5.041 0.004 0.800
B1Cs 0 0.003 0.011 3.232 0.003 0.543
#Sr 0 0 0 0 0 0
1984y 0.002 0 0.255 0 0.073 0
Subtotal 0.294 1.195 0.382 15.233 0.102 2.500
Total 1.489 | - 1I5.615 2.602

Cotkne5%w EHd T\ B, HERCILMEED
e Ra VBT

2Ry efl o T, AU v — FA240EHEE S h
Cuie, BEBTCIELEED 7 %0 B, %K
HBEZ AV SR T, 1971EOFEY & Bk
LT, BEEBUF50,000[E 5 525, 300EIC -,
Lie. o ikEsrNEERREDSL O FENE R L
rfed e Bbha., chud, € — s BEEED
197148 B SRR e » To 2 & L
THEBRD B 5. TEINRIRIEHR T PaliRrR s
¥ r OFERBENKTI* D, b FEF
ROEWEED S\ i, AFERE X KEWR
GSD |3/hx<iss. SEORA TR 4EETO
BRI D Ied o Totcid, T OFEREO GSD 134
Hioh 1 Api-n0.lprad THoto. £ffE L
T4 1.5prad T, %0233 KWL IBHLDTH
-7z,

CMD % £&{AkCHEpich 15.6mrad THD, X
DI0Y\LASEELL LDk O FEREDIREIC X 5 b

DCHoTe. BT EE0bTH2.4%% 50T
WAIET Ec, LSD X 5 EEFROEVC LT
RBELThELeh, CMD Dig17%Th -,

WIER T, %Ra & X5 ioEE o RER
GSD, CMD $ >0 LSD orh#h80%, 45%
B IVMB R ED TS, FETIE PAu i X3
CMD 2B DE6%CTE - T\ 5.

E— A IREED L HilET % & Table 7 o<, #
FRERCC I BEVIMRFRE 13 € — A0 1.4%
&by, GSD¢132.3%, CMD ¢i1i0%,
LSD CiXl1%Th-tc. FEVMRERE T
Pepyts SRR AT A1, E-amEO X
e ) A —xig CRTNCRET 2 2 &M T
Z7pu, FOTD, ERERES X OBEHEREY A E
et , WfEEB oA e\ 3 b i CMD = LSD
MBREL ST 5D,

19714EDFHED & Hilge4 % & 197845 Tl R
Fox1/2& 75 - 7chi, GSD x1/10, CMD 11§#92/5,
LSD i11/31cic -7z, EHoFd i it L <EE

Table 7 Comparison of frequency of treatments and population doses
between beam therapy and brachytherapy.

Type of therapy Frequency of Population dose (mrad per person per year)
treatments GSD* CMD** LS
Beam therapy 1,775,000 0.066 152 23
Brachytherapy 25,260 0.0015 15.6 2.6
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