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The genetically significant dose (GSD), per Caput mean bone marrow dose (CMD), leukemog-
enically significant dose (LSD), malignantly significant dose (MSD), and per Caput effective dose
equivalent (EDE) from uses of small sealed radiation sources for radiotherapy have been estimated on
the basis of a nationwide survey conducted throughout Japan in 1983. The survey was carried out for
the collection of the over-all frequency of the radiotherapeutic uses of small sealed sources in the
age-group and irradiation factors on the patients from a known fraction of hospitals and clinics over a
30 day period in 1983.

The annual frequency of the radiotherapy using small sealed sources was estimated to be about
2.6 X 10° for male and 36.3 X 10° for female, with a total of 38.9 X 10%. The total number of patients
treated was about 1.6 X 10 for male and 12.0 X 108 for female, with a total of 13.6 X 10° in 1983. The
annual frequency of treatments by means of afterloading technique was 0.3 X 10 for male and 18.8 X
108 for female, with a total of 19.1 X 103. The total number of patients treated by the afterloading
technique was 0.1 X 10° for male and 4.1 X 10° for female, with a total of 4.2 X 10°. The frequecny of
treatments and number of patients by means of afterloading technique were included in the
corresponded figures in the radiotherapeutic uses of small sealed sources, respectively.

Organ or tissue doses related to population doses and effective dose equivalent were calculated
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using a modified MIRD technique. The distance between a sealed source and organ or tissue of interest
in the MIRD phantom was converted into the distance for averaged Japanese bodies with the use of the

standard body sizes by sex and age-group.

The resultant annual population doses per person were 7.9 nGy for GSD, 118 4Gy for CMD, 19.3

uGy for LSD, 172 uGy for MSD and 428 4Gy for E

DE, respectively. The annual collective effective dose

equivalent from the therapeutic uses of small sealed sources in Japan was estimated to be about 5.13 X

104 man Sv.
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Table 1 Questionnaire Form

Type of

; Radiation Type of Position of Type of Activity Irradiation
Sex Age disease source source tumor treated* irra(fiation mCi time
Male Ra, Co, Cs Tube, In tumor,
Female Au, Ir, Sr, Needle, Interstiial,
Others( ) Seed, Intracavitary,
Wire, Surface,
Batan Contact,
Others Afterloading,
s OthersC 5
*Please write the numbers of coordinates shown in Fig. 1.
(74) BAEKALE #1485 #5%
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Fig. 1 Definition of irradiation positions for radio-
therapy with small sealed radiation sources
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Table ¢ Annual frequency of brachy therapy by sex, age-group and type of sealed source

Age group 26Ra  ®Co  'Cs  ¥Sr  Au  "Ir  Sub-total Afterloading Total

0—14 0 0 0 0 0 0 0 0 0

% 15—29 [ 0 0 0 0 0 0 0 0

= 30—44 36 0 18 200 18 18 290 0 290

45— 528 110 144 1036 144 54 2016 273 2289

Sub-total 564 110 162 1236 162 72 2306 273 2579

= 0—14 i] 18 0 0 0 0 18 0 18

'g 15—29 254 0 0 54 0 0 308 0 308

& 30—44 509 345 217 144 0 127 1342 565 1907

45— 7913 4065 2586 925 72 345 15906 18203 34109

Sub-total 8676 4428 2803 1123 72 472 17574 18768 36342

0—14 0 18 0 0 0 0 18 0 18

73 14—29 254 0 0 54 0 0 308 0 308

52 30—44 545 345 235 344 18 145 1632 565 2197

45— 8441 4175 2730 1961 216 399 17922 18476 36398

Sub-total 9240 4538 2965 2359 234 544 19880 19041 33921
MEFI634F 5 A25H (75)
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Table 3 Annual number of patients treated by brachy therapy

Type of sealed

Afterloading

Male Female Sub-total —————  Total
Source Male Female
2*Ra 494 2960 3454 3454
“Co 45 2780 2825 136 4114 7075
s 126 1181 1307 1307
“Sr 580 506 1086 1086
8 Au 163 72 235 235
192]p 36 418 454 454
Others Sk = =
Total 1444 7917 9361 136 4114 13611

7HETH4,200A, 4#13,600ATH - o, BEL
AdTc b OFEERERIL, BIALTEMLG %«
2.2, 778054 v 7BETEM2.0, L144.6
ELHEEIND, REBOT 780 —F4 vy
B X HEBERThRTED, SN SHE 2
bhigh - e BBRENEE S h T\ 5,
3. g% - AR E
3-1. FHi&
EEIMRFERC R B BE ARG E TR
TE5EL, MERETRBR TR & &H e s
DBHOERINTWB E L, BRCHAD S W
A S/ MR SR8 « DR « E81F 1) 5
BEE, KRN - THE L,

1
4mx?

R(x)=AknE [-*‘:;—"» =) By () (1)

Z Z T,

R (@) : /MRIED B xem OFEREIC 35\ T e,
A Z T 5 BIRER (cGy/sec)

A BREOKEEE (B

k:1.60X107% (gecGy/MeV)

n  BEDLIRE IR =5AF¥-EDoXF
#

E REIrPOHEHEIALERTFO =50 ¥
(MeV/¥F)

P BUHBRYER T HHEOEE (g/cm?)

pen D KF O = F ¥ - BINES (1/cm)

p L XFOREEERE (1/cm)

Ben (ux) @ =% 0¥ — RINFEA R

BB ORIEE T 5% M8 OB xom
R EMT 5720, MIRD 2O 7 » + b 49

(76)

ZRHW, Z07 7 v+ AOHEX]1T4cm, FERE
Uem TH Y, HERADFHMER 2~ T o ir
HYRE, BEDF — 29 L, BARADA
(8EELLE) Tix, FiryH K ixHH#:T165.93cm,
LHT153.0cm TH 5, HE, EE, WEOER
oD F—s29% Bz LT, iz 5 MIRD
77V ADRENRERDY, REFEROAAK
AD 77w+ AREBBENCIER L. MIRD
77V FLALARATE, HHOAkE IR
B, BRCEBROHEBEFARATTHY, Fhbd
DHEMOEEIHEO L E i+ 5 & L
T, HEREE xom REH LY,

FEEOWCTRIBEHENNEY 7 7 v + 2HIC
WETEIH, ZOMOIA IS TIX Fig. 1 0
ERESTRLINIWEOBLEBRES L, +
CRAMELBDELT7 7 v b & FICHIBERE
DERz RO, R\ SRIBE T 508 - 88
ZRESERICH NS5 & %, MiohomaiEgs
*kD, ZhicHBEO.3g/cm*y T L T BElg/cm?®
DERMEBFOERCRE L, BrowvTikoo
X5 MIER Ligds -z,

(1 AORBEFHRE, =1 ¥ - RINREK S
L UBAEREIZIZ Berger OEY % A\, BIVEE
ERORE, knE O HEHI1Z1E Brownell & o {E9%
i, BEREx OBHAS (1) Rz X 2 Wing
BERROHEHY, L EEREOER LT
~NT ACOS-650( EARBSB) CIT - 1-, Tods, 2%
Raiz o\ Tix Berger ® ¥ — 2 s D G,
Quimby B D F — 2725 R(x)=5.5X10*+ A4 »
L LCHERT 57,

HABEREE $48% #5655



Table 4 Dosimetric points, distribution of active
bone marrow and bone mineral component in

Aull &R fibs %

gremass Tnpeness FORHOPILMEL, EnEhick
S = <47 A% Table 40 %) KRS L,
[l ® g 5 4 FOBECL HEHERE 4 KR T *f'ﬁl_,
Skull 4 55.6 694 .
Mandible 2 3.7 -
Cervical Vertebrae 2 30.9 59 ;
Stermim 9 19.98 21 d = 114{ % mrd;‘r ....................................
Scapulae 2 16.47 129 ]
Clavicle 2 5.69 50 T,
Ribs 24 143.64 307 e e . :
Thoracic Vertebrae 6 75.6 179 M- é B ﬁﬁ%’ EZA T Fi?bﬁ'Sg < L?L' %gi‘
Lumbar Vertebrae 3 80.25 146 ZoWTHFERLFAHMASMA LTS E L,
Sacral Vertebrae 2 60.62 83 4 yn = He A5l 7, . "
Tlliac Bone 10 158.41 354 TOERBGECHATI LT, 8~URT
Femur 4 87.56 781 531.7g, 3 ~ T C341.6g & L7z,
o 4 2.28 - m, BEELTBA r OBHER,
atella ;
Tibbia , 443 d, B ET54Er OffE
?Ta g Bixsreontd (2) REAMFEOFEY
ee —
Raius 90 TV, 50 FYEERHEELEL L,
Ulna 2 112 3-2, &R
Hands 107 e e
BEHEEREO—H L LT, Table 5 {58
Total * 766.7 4,200

*For the determination of bone marrow doses, 67 points

were used.
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Table 5 Organ or tissue doses (Gy) per mCi hr in the treatment of uterine cervix

(Coordinate 6-03 in Fig. 1.)

: Modified
Organ or tissue 26R 0o 137Cg 1987 102 V‘IEIQ htir we i
I 3 s ghtmgr
[gD)] factor(Wy factor (W)
Gonad(Ovary) 2.57 4.36 1.292 80.9 0.868 0.25
Bone marrow 0.405 0.565 0.1682 10.61 0.1138 0.12 0.08**
Thyroid 0.0302  0.0058  0.00074 0.0215 0.00023 0.03 0.02
Lung 0.095 0.067 0.0181 1.007 0.0108 0.12 0.20
Breast 0.063 0.0325 0.0075 0.302  0.00324 0.15 (0.12)%**
Bone surface 0.162 0.205 0.061 3.79 0.0902 0.03
Stomach 0.143 0.100 0.027 1.51 0.0162 0.06 0.30
Upper large ,
{ofeatine 0.99 1.47 0.44 28.2 0.302 0.06 0.06
Lower large o
interstine 0.90 1.32 0.40 25.3 0.272
Small intestine 2.21 3.67 1.09 68.5 0.754 0.06 0.14
Rectum 3.13 5.40 1.60 100.0 1.073 0.06
Bradder 3.13 5.40 1.60 100.0 1.073 0.06 0.08
*Total absorbed dose during mean life time.
**Lymphatic and hematopoetic doses were determined from bone marrow doses without

weighting by the distribution of active bone marrow weight.

***This factor was applied to female.
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Table 6 Population doses from the uses of small
sealed sources for radiotherapy.

. GSD LSD
Pogg]a}se;mn (nGy/person CMD (uGy/person MSD
vear year)
Male 1.08 2.89 0.54 1.87
Female 6.81 114.8 18.71 169.7
Total 7.89 117.7 19.25 171.6

Table 7 Population doses from afterloading
technique in radiotherapy

. LSD
Population GSD CMD (4G

: (uGy/person MSD

doses vear
Male 0 0.85 0.041 0.74
Female 0 57.6 9.40 93.7
Total 0 58.5 9.44 94.4
AARERERE 485 55
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Table 8 Collective effective dose equivalent and per Capul effective
dose equivalent from the uses of small sealed sources for radiotherapy
(uSv/person year) (including afterloading technique)

Collective dose

per Caput effective dose

Sex equivalent (manSv/year) population equivalent (xSv/person year)
Male 3.20X10°(1.32 X 10%)* 1,188 108 2.7(1.1D
Female 5.10X10°(2.67 X 10%) 1,188 X108 425(225)
Total 5.13x104(2.68 X104 428(226)

*The figures in parenthesis show the values from afterloading techniques.
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Table 9 Comparison of present data with
previous data

1971 1978 1983
Frequency 50,000 25,260 38,920
Number of patients 21,650 12,600 13,610
GSD(nGy/person year) 123.4 14.89 7.89
CMD(uGy/person year) 432.6 156.2 117.7
LSD(uGy/person year) 76.8 26.0 19.24
MSD(uGy/person year) = —_ 171.5
EDE(uSv/person year) == - 428
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