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Estimation of Population Doses from Brachytherapy in Japan

Tadashi Hashizume®, Takashi Maruyama*, Kanae Nishizawa**,

Kenjiro Fukuhisa*** and Yoshikazu Kumamoto***

Division of Physics* and Technical Service™**, National Institute of Radiological Sciences

9-1, 4-chome Anagawa, Chiba, Japan

Research Code No. :

Key Words:  Population dose, Brachytherapy

The genetically significant dose (GSD), per caput mean marrow dose (CMD) and the leukemia sig-

nificant dose (LSD) from brachytherapy have been estimated. The survey was carried out for the collec-

tion of the over-all numbers of brachytherapy procedures in the age-group and exposure factors on the

patients from a known fraction of hospital and clinics over a 30 day period in 1971. The annual number

of brachytherapy treatments was estimated to be about 5% 10 About 609% of the number of treat-

ments were due to the treatments of cancer of the cervix using 226Ra and %Co gamma-source.

The distance between the source and the critical organs were determined with a measurement of

paper phantom which represented the typical Japanese body. The gonad and active bone marrow

dose were calculated using data on the mass attenuation coefficients and build-up factors for water.
The result of GSD, CMD and LSD was 0.012, 43.2 znd 7.68 mrads per person per year, respectively.

*Present address; Department of Radiology, School of Medicine, Kyorin University, Mitaka, Tokyo.
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Table 1. Form of questionnaire for physical factor of brachytherapy.

% Type of Radiation Type of Position Method of Source Time of |Frequency
Sex e of
disease source source of source* expasure intensity exposure | exposure®®
1.Male ' 1.Ra, 2.Rn 1.tube, 2.needle l.interstitial, | (mCi)
2. Female ! 3.Co, 4.Cs = seet'l, 4.w.'1re.’ 2.cavity, [:D' D-l
: i 5.5r, G.other |5.paste, 6.button 3.surface, h o
‘other 4.short-distance LU
( am
S.other
1. 2 1. 2. 3. 4.5 1. 2,3 4, 1. 2. 3. 4. 5. !
M e end T (M 00 | (300
1.2.3.4.5] 1.2, 3. 4.5, -] 1. 2. 3. 4. 5| +
Loz ([ A AR 0 O 00 | (OO M)
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Table 2. Annual number of patients by sex,
age, radiation source and source

HAREZR R &k 5% H11e

9 Lic 1 7 Qe £ {iz%H% 4727 Brachytherapy
DEEOEIE XK LIz, 07 vor— b OEE

position
RIZA, BB XUC 7V —FTHFRERT, 663
age male female subtotal LUBlIYTHot.
4 | 40 ] 15w | 170 H R b OEIEIC b L F T SRk 1w
15 — 29 180 460 640 AROBEEERIC 1A E L, X b iCHER 2 B
30 — 44 560 | 3240 | 3300 INPERABREIZERE, = b
45. ~ 1720 13770 15490 ngff; %:%J{!‘j L'Ciﬁf‘n'? %] ﬁ?ﬁ%zgﬁk E?ﬁ:gg B7En {_
radiation B ORERZFH, RIS X ORBERALFNC
T iRa 1120 9780 | 10900 #2 WY, HAZLECT465EEC Brachytherapy
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ﬁ,sf lizg fi;g g;;g [ IR R AR BT 1 2 g, 14D
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Maxilla 70 270 340 $EIR O - v SRS R 2 B ot &3
Neck 70 70 140 A, BRI DR x o RIGERTER  R(x) 1%
Breast 2l L 250 KX THELHh B,
Cervix . 13000 13000 —AknE[Pen, 1 _-ux].B. N L
Femur 40 0 40 RGy=A l.nE[ o 4ax* ¢ Bealex) &
others 1050 4340 5390 2CT,
subtotal 2860 ‘ 18790 ‘ 21650 R(O; IR (rad/fsec)
x: §RED B OREEE (cm)
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Fig. 1. Definition of irradiation sections (after Bone marrow dose research group,
Miyakawa et al.'®)
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Tig. 2. DPositions of detector for calculation of
active bone marrow dose. The open circles show
the positions of detector and the figures closed
to the open circles show the number of detector
given in Table 3.
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Table 3. Active Bone Marrow Distribution and
Number of Detector

Adult Children
Part Bone | &5 | Bone -
marrow | S S | marrow | © ©
weight _x?: S | weight | 8 2
® == | (@ |=™
Head 55.6 1 11.5 1
Mandible 1.8 2 11.5 2
Cervical i
—_— =I22e3 3 8.9 3
vertebrae
Sternum 20.6 4 842 4
-, . 34.0 | 5 13.5 5
oracic
vertebrae 34.0 6 13.5 6
33.0 7 13.5 7
Lumbar 28.6 8 17.1 8__
vertebrae 28.6 9 17.1 9
28.6 10
Sacral 32.9 11 26.3 10
vertebrae 32.9 12
Lung (scapulae) | 16.7 13 7.0 11
(ribs) 17.4 14 7.0 12

174 | 15 [ 6.0 | 13
17.4 | 16 | 6.0 | 14
(clavicles)| 5.6 | 17 | 3.0 | 15
(ribs) 17.4 | 18 | 7.0 | 16
17.4 | 19 | 6.0 | 17

17.4 | 20 6.0 | 18
42.6 | 21 | 17.0 | 19

Iliac 42.6 22 17.0 20

has 25 | 23 | 17.0 | 2l

42.5 | 24 | 17.0 | 22

Femur 87.1 25 34.8 23

Arm 27.0 | 26 | 11.7 | 24

Leg 27.9 25

Hand 9.3 | 26
Total 763.9 340.8
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[able 4. Gonad dose and active bone marrow
dose per 1 mCi br of ***Ra, *Co and
Y¥Cs source embedded in uterus.

Gonad dose | Active bone
Source | Age-group (mrac]fm(?i marrow dose
hr ) (grad/mCi hr)
20—29 195 91.5
Ra | 30—44 202 91.5
45— 220 91.5
20—29 246 116
50l 30—44 265 116
45— 278 116
20—29 74.3 34.7
1Cs 30—44 76.9 34.7
45— 83.8 34.7
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% L7z, Brachytherapy ic il X T\ 2% v
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B TOSBAC-3400 BTFHHHENC X > T B L
7o. Ra, ¥Cs 35 X% ©Co o Bifu i (1
mCishr) %72 b O RIUHBERFER & Do
knE o4 5) © Bk, Brownell &
DfEP % fivic. *Rn o EgEat 13305 &
LUCiEa it L, SHERsREo—f L LT, T+
I (6 —3) DEFROBEO LR &
CEHIEO MR L 4 1ORT. FElide X o TR
BRI £ DRSS Hh 5Dk, HiE L4
PERR & DR O PEHED WE ORREM I OTIE E %
AWCHEEOMIELXfT oz Lk 5. BElS
MEOHECIL S EOMEL T3, RAL
FHECHT T TH S, 2Ra B\ B\ AT
ok 20T (64) LA (308%) o
THARE R & BRI e Table 5125k 3.
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Table 5. Gonad dose and active bone marrow dose per ImCi hr of **Ra source embedded in

various position.

Gonad dose (mrad/mCi hr) Acuvel(gbé::ﬁn?arﬁ; Hase
Position™ Child (6 yr Adult (30 yr)
©m Y Child Adult
Female Male Female Male
1 — 3 2.81 0.201 0.172 0.0388 30.8 48.3
2 a3 4.32 0.338 0.328 0.0732 36.1 56.9
3 — 3 10.1 0.770 1.14 0.198 29.7 46.3
4 — 3 26.6 2.56 4.30 0.840 317 505
5 — 3 213 12.4 51.2 5.32 317 505
6 — 3 783 62.8 202 32.0 78.6 91.5

* see Fig. 1.
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Table 8. Population dose classified by sex and age-group.

or treatments

person per year)

(mrad per year)

Genetically significant dose | per caput mean marrow dose Leukemia significant dose
) (107* mrad per person per year) (mrad per year) (mrad per person per year)
Age-group
Female Male Female Male ‘ Female Male
00— 14 10.7 1.033 0.077 0.120 0.075 0.119
15 — 29 0.003 0.155 0.415 0.144 0.088 0.081
30 — 44 0.465 0.001 $.399 0.100 1.327 0.031
45 — 0.001 33.280 2.724 5.469 0.493
Subtotal 11.178 1.190 40.149 3.088 6.959 0.72
Total 12.368 43,237 7.683
Table 9. Comparison of population dose in Japan.
Number of Genetically significant| per caput mean Leukemia significant
examinations dose (mrad per marrow dose dose (mrad per

person per year)

X-ray diagnosis*

Radiography 6.41x107 15.2 36.6 32.7

Photofluorography 6.58 %107 0.83 26.8 24.6

Fluoroscopy 1.70x 107 10.5 126.1 112.1
Teletherapy** 1.79x10° 0.98 206 36.6
Brachytherapy 5.0 x10* 0.012 43.2 7.68

* Refs (4) and (5)
**  Refs, (6) and (7)
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(4) Brachytherapy 1= X % jl{m A A 1L
0.012mrad per person per year ThH-2fz. Ff

EROE 0 ~14% % Tohtk & BitoiEs
ERE~o%F5rrhzh, 0.011, 0.001mrad
per person per year T H-2fz., Zhbit\TFh
AEFEIRIC AT\ B e & O mETEORIRIC &L 5.
FERDOBREEBEIERIC LT 2%, TREFOX
BLIBEEDIE LA VRS E T E ekt
ThHb, THMFFRIE e THE D,

(5) BrEfeRE AR 1 A D 43.2mrad TH
iz, A5EELL DL ds B 0 %551333, 3mrad per
person per year TRbKE <, BEMLO HE
1% 3.09mrad per person per year T LA 7¢ s 2
y o

(6) B E4EE 1% 7.68mrad per person
per year THotc. FRfifREICH LTNEnfE L
72 % O\% Brachytherapy %31} % B3& D 5 AL
EoME 7o, AMRLSFEET 2 LT HMwmso
EHTLRXB.
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