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Population Doses from Beam Therapy in Japan, 1978
Part 2. Estimation of Genetically Significant Dose, Per Caput Mean Bone

Marrow Dose and Leukemia Significant Dose

Tadashi Hashizume, Hideo Matsuzawa, Takashi Maruyama,
Kiyomitsu Kawachi, Akihiro Shiragai, Yutaka Noda
and Yukio Tateno*

Division of Physics and Division of Clinical Research®, National Institute of Radiological

Sciences, 9-1, Anagawa, 4-chome Chiba, 260, Japan

Research Code No.: 302

Key Words:  Population dose, Medical exposure, Radiotherapy, National
wide survey

The population doses from beam therapy in Japan have been estimated on the basis of a nationwide
survey carried out for 30 consecutive day period in October and November 1978. Dose distributions
in the MixDP phantom irradiated with a given surface dose were measured with ionization chambers for
useful beams, scattered and leakage radiations using a telecobalt unit, a conventional X-ray unit and a
medical linear accelerator. The gonad and bone marrow doses were evaluated using the experimental
data and the technical factors of radiation therapy obtained from the nationwide survey.

The genetically significant dose (GSD) was 39 prad per person per year for male and 27 prad
per person per year for female, with a total of 66 urad per person per year. The per Caput mean
bone marrow dose (CMD) was 54 mrad per year for male and 98 mrad per year for female, with a
total of 152 mrad per year, The leukemia significant dose (LSD) was 6.8 mrad per person per year
for male and 16.1 mrad per person per year for female, with a total of 23 mrad per person per year.

The results of present survey show a decrease of 93 percent for GSD, 26 percent for CMD and 37

percent for LSD, as compared with the last survey in 1971.
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Table 2 Active bone marrow dose per 1 rad at the surface due to
useful beams, scattered and leakage radiations for adult

8Co 200kV.X 10MV X 10MeV. E 50kV X
Bone Marrow I
M+ 8% T* [ M+ 8§ T M+s5 T M+ S T M+ S T
1— 3 310 290 340 43 320 180 165 280 85 9
2, 4 260 290 240 43 295 180 160 280 60 9
7, 10 290 239 310 21 280 87 169 240 78 4
14 330 345 370 58 310 240 230 330 93 12
13, 15 300 345 230 58 295 240 230 330 70 12
2—2, 4 30 328 45 43 32 178 18 325 12 9
3 120 328 140 43 145 83 0 325 10 9
7, 10 140 295 165 20 180 83 0 290 42 4
14 180 390 185 58 185 240 0 380 47 12
i3, 15 30 390 45 58 32 240 0 380 12 12
3—2, 4, 6, 11 30 370 45 38 35 160 20 360 15 8
3, 7,10 265 370 330 38 335 160 30 360 110 8
13, 15 45 450 50 50 40 210 5 430 17 10
14 390 450 477 50 430 210 70 430 160 10
1, 5,12, 16 25 340 35 30 30 150 0 110 12 8
4— 2, 4 210 395 240 36 230 150 100 390 30 7
3 500 395 540 36 545 150 0 390 180 7
7, 10, 6, 11 330 343 390 19 380 T 80 340 130 4
13, 15 230 474 260 47 240 195 120 460 87 9
14 750 474 830 47 755 195 180 460 280 9
1, 5,12, 16 50 340 80 18 70 75 31 320 25 4
65— 2, 4 0 410 0 34 0 141 0 400 0 7
3 530 366 610 20 620 83 96 360 60 4
7, 10, 6, 11 260 366 290 20 280 83 0 360 30 4
13, 156 0 500 0 40 0 165 4] 480 0 8
14 810 500 940 40 350 165 | 45 480 130 8
15 5 0 360 0 19 0 73 0 340 0 4
12, 16 0 480 0 38 0 158 0 440 0 8
6— 2, 4 170 390 200 33 270 138 0 370 30 7
3 470 400 520 35 53 144 0 380 75 7
7, 10, 6, 11 380 350 395 23 335 95 30 330 55 5
13, 15 340 480 415 43 355 180 150 460 60 9
14 720 490 790 45 73 185 220 470 140 9
i, & 0 330 0 20 0 82 0 310 0 4
—2, 4 70 350 75 36 85 150 0 330 15 7
3 0 360 0 37 0 153 0 340 0 7
14 0 450 0 51 0 210 0 430 0 10
7, 10 70 320 75 22 85 92 0 300 15 4
13, 15 70 435 75 49 85 205 0 420 15 10
8— 2, 4,13, 15 0 200 0 22 0 92 0 180 0 4
7, 10 0 160 0 18 0 75 0 160 0 4
9— 2, 4, 13, 15 0 40 0 5 0 20 0 35 0 1
7, 10 0 30 0 3 0 12 0 26 0 1
* M and S :gemradsradscm™ #% T :gemraderad™
Six ==Zi,'Sj - my €©)) (3) # &
Tik w2 T H R LTH®RATRD 5. Fig. 2 O &A% FEET Loy o A FEliR 3 X OMF

Ta=3t - m ©) B 0 WIS T ARno M, S, T 0
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Table 3 5 years survival rate classified
by type of disease

5 years

survival |

rate

60 140 141 191 208

30 143 144 161 173 174 186 188
193 201

20 142 145 146 148 149 151 160
180 181 183 185 195 200 205

10 147 154 184 187 189 202 206
207

5 150 162 182 192 199

151 153 155 156 163 170 171
1 172 190 194 196 197 198 203
204 209 300 301

99 Others

Type of disease¥

* The type of, disease is described in terms
of the International Index'®.
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Table 4 Relative child expectancy in 1978

Syr survival rate

Age Normal 60% 40% 30% 20% 10% 5% 1%
0—19 1.00 0.60 0.40 0.32 0.20 0.10 0.05 0.01
20—24 0.97 0.59 0.41 0.31 0.21 0.181 0.073 0.033
25—29 0.72 0.49 0.38 0.31 0.23 0.165 0.131 0.102
30—34 0.34 0.24 0.20 0.16 0.183 0.100 0.083 0.07

Male 35—39 0.092 0.068 0.057

0.047 0.038 0.030 0.025 0.023

40—44 0.019 0.014 0.012

0.010 0.008 0.006 0.005 0.005

45—49 0.005 0.003 0.002

0.002 0.002 0.001 0.001 0.001

50—54 0.002 0.001 0.001

0.001

55— 0.001

0—19 1.00 0.61 0.42 0.31 0.21 0.114 0.064 0.024
_20—24 0.92 0.63 0.49 0.39 0.30 0.21 0.167 0.131

25—29 0.48 0.35 0.29 0.25 0.20 0.152 0.127 0.108

Female| 30—34 0.121 0.089 0.076

0.062 0.051 0.041 0.034 0.029

35—39 0.007 0.005 0.005

0.004 0.003 0.002 0.002 0.002

_40—44 | 0.003 | 0.002 | 0.001

0.001 0.001

45— 0.00 0.00
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Table 5 Leukemia significant factor, Ly, in 1978

Syrsurvivay e | normal | 60% | 0% | 0% | 2% | 10% 5% 1%
0—31 | 098 | 0.60 | 041 | 031 | 021 | 0.1 [ 006 | 0.02
3549 | 0.4 | 058 | 039 | 0.30 | 021 | 011 | 006 | 0.02
50—54 | 0.8 | 0.55 | 0.7 | 0.29 | 0.20 | 0.0 | 0.06 | 0.02
Malo | =59 | 078 | 050 | 0.3 | 026 | 018 | 000 | 0.05 | 0.02
60—64 | 0.70 | 0.43 | 0.29 | 0.23 | 0.5 | 0.08 | 0.5 | 0.0l
65—69 | 0.57 | 0.35 | 0.24 | 0.8 | 0.3 | 0.07 | 0.04 | 0.0l
70—74 | 0.41 | 0.30 | 020 | 0.6 | 0.1 | 0.06 | 0.03 | 0.01
75— 021 | o024 | 017 | 013 | 0.09 | 005 | 0.08 | 0.01
0—4d | 0.98 | 0.60 | 0.41 [ 0.31 [ 0.21 [ 0.1 | 0.06 | 0.02
5—49 | 09 | 05 | 039 | 030 | 020 | 011 | 0.6 | 0.02
50—54 | 0.87 | 0.5 | 0.38 | 0.29 | 020 | 0.1 | 0.06 | 0.02
Comalo| 5599 | 080 | 0.5 | 037 | 028 | 019 | 040 | 0.06 | 0.02
60—64 | 0.80 | 050 | 034 | 0.26 | 017 | 0.0 | 0.5 | 0.02
65—69 | 070 | 0.43 | 030 | 022 | 045 | 0.9 | 0.05 | 0.01
70—74 | 058 | 0.3 | 0.7 | 020 | 0.4 | 0.8 | 0.04 | 0.0
5— 0.40 | 030 | 0.2z | 016 | 041 | 007 | 0.04 | 0.01

Table 6 Genetically significant dose classified by sex, age-group, type of disease
and type of radiations used for radiotherapy: GSD (frad/personfyear)

age non l malignant®

Source | Total I mali- ‘ Sul
0—14/15—2930—44/45—5960— gnant| B | ¢ | D | E | F | G | H |°p

“9Co-y | 14.9| 4.5| 8.3 1.8 0.231 0| 1.66| 0.60| 0.58| 1.32} 0.34] 0.48/ 4.9 1 5.0 /13.2

SF. X 0.0 — | 0.01f 0 — | ol o000 |0 (0 {— |0 [0 | —|0.01

@ |Comv.X | — | 0 0 — |0 ol — (o |0 fo [0 |0 |0 |—|—
S |He.X |22 6.3)10.2| 5.3| 0.04] 0| — |0.68]1.04| 1.12| 0.40 2.7 | 7.9 | 8.1 |22

He.E 1.75/ 1.19 | 0.49| 0.06) — | 0| 1.36) — | — | — | 0.06{ 0 | 0.32 0.10| 0.49
SubT |39 [12.0]19.1| 7.2| 0.27] 0| 3.0 1.28) 1.62 2.4 | 0.80| 3.2 [13.1 |13.2 |36
%“Co-y | 10.4| 3.1| 4.1| 3.2| 0 0| 1.3] — | — | 0.24] 1.86] 0.37] 1.90| 4.7 | 9.1
SF. X 0.04) 0 0 0.04) 0 o| o040 |0 |0 o |o |0 |o |oO
gconv.x 0.04/ 0 0 0.04/ 0 ol o.o4o o Jo o o [o Jo |o
$ |He.X 111.6] 44| 6.6 0.68 0 0| o |0.19]0.10 0.21 0.83| 0.56| 5.5 | 4.2 |11.6

He.E 4.4| 3.2| 0.75 0.41 0 o| 35| — | —| —|o0.5110 |o0.18 0.15 0.85
Sub T 27 |10.7]11.5| 4.4| 0 0| 4.9]0.19] 0.10 0.45 3.2[ 0.93) 7.6 | 9.1 |22
Total 66 |23 |31 |11.6| 0.27] 0| 7.9 1.47] 1.72| 2.9] 4.0/ 4.1 21 |22 |58

* B : M.N. (Malignant neoplasm) of buccal cavity and pharynx
C : M.N. of digestive organe and peritoneum
D : ML.N. of resperatory system
E : M.N. of bone, connective tissue skin and breast
F : M.N. of genito-urinary organs
G : Neoplasms of lymphatic and haematopoictic tissue
H : M.N. of other and unspecified sites
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Table 7 per Caput mean bone marrow dose classified by sex, age-group, type of disease
and type of radiations used for radiotherapy

CMD (mrad/person/year)

473—(45)

! age non malignant* . ]
Source | Total 5B 5 16 Mali- Sab”
4] . Wt i oD,
| —14] —29] —44] —59 —74J75' gat| | c |p|E|F|c|n|%
#°Co-y 25 27|1.112.7|6.6|9.0|2.6|0.02{0.58 6.2!16.8|0.514.8|3.1|2.8/25
SF. X — [ — ] —= |0 - 10 0 — |0 0 0 — |0 0 el
o | Conv.X | 0.09] 0 0 0.02| 0.06| 0.01] — | — |0 0.01] 0 0.01f — |0 0.07| 0.09
ﬁ He. X 29 4.111.55 2.9 6.8(11.1 2.9 — |0.79 6.0|7.5| 1.52| 4.6 | 4.3 | 4.1 |29
He.E 0.23) 0.02| 0.03/ 0.01/ 0.1 | 0.09| 0.04| 0.0L | 0.01| 0.13] 0.03| 0.08 — | 0.04] 0.10] 0.27
Sub T 54 6.8|2.7)5.613.6 |20 5.5 0.03 | 1.4 ]12.3 |14.3 | 2.1 . 9.4 7.4]7.1 |54 ‘
“Co-y 56 0.36] 0.81) 9.5 |18.9 20.4 | 5.8 | 0.17 | 0.17| 2.3 | 1.59| 7.0 |40 1.02| 4.2 |56
SF. X 0.0l — |0 — | — 0.0l — |0.0L]|0 0 0 0 0 0 — 1 —
% Conv. X | 0.75 0 0 0.23] 0.24] 0.14] 0.14/ 0.05 | 0 0 0 0.02 0.68) — | 0.01] 0.70
K He. X 40 2.6 |1.30] 4.9 |13.8 |13.9 | 3.4 | — | 0.28 2.00/ 1.8 | 3.2 |27 2.812.9140 |
He.E 0.97) 0.03) 0.02] 0.42| 0.33] 0.14] 0.03| 0.01 | — | 0.01 0.01| 0.71/ 0.01 0.04] 0.18/ 0.96
Sub T 98 3.0/2.115.1 33 |35 9.410.24 | 0.45 4.3 | 3.4 [10.9 |58 3.9 7.3 98
Total 152 984821 |47 |55 |15 0.271 1.9 16.6 17.713.0 |77 |11.3 |14.4 152I
* see footnote Table 6.
Table 8 Leukemia significant dose classified by sex, age-group, type of disease
and type of radiations used for radiotherapy
LSD (mrad/person/year)
age non malignant*
Source | Total |-G T T60 malic Sub
t
—14] —29] —44| —59| —74/7°— |8 | B | C | D | E | F | G | H |y
*°Co-y 3.1 0.35] 0.34] 0.60| 0.96/ 0.66/ 0.15 0.02 0.11] 0.28| 0.45] 0.05| 1.01| 0.47] 0.68| 3.1
SF. X — |0 — |0 — |0 0 — |0 0 0 - 10 0 0 o
2 Conv.X | — |0 0 — | = | — 10 — |0 — |0 — | — 10 — | —
S | He. X 3.7 0.72) 0.40 0.58) 0.98] 0.89] 0.10, — | 0.16/ 0.33| 0.51] 0.21] 0.91] 0.62] 0.94 3.7
He.E 0.04f — | 0.01] — |0.02 0.01] — 0.01f — | — | — |0.01] — |0.01{ 0.01] 0.03
Sub T 6.8 | 1.07) 0.75| 1.18] 2.0 | 1.56] 0.25 0.03| 0.27| 0.61| 0.96 0.27| 1.92| 1.10| 1.63| 6.8
*Co-y 9.5 0.26| 0.21) 2.2 | 3.6 | 2.8 | 0.41| 0.15| 0.03| 0.12] 0.12] 1.77| 6.4 | 0.13| 0.72| 9.3
SF. X 0.0) — | — | — | — |0.01] — 0.01) 0 0 0 0 0 0 = | =
g | Conv.X | 0.150 [0 |0.040.05 0.04 0.02 0.040 |0 |0 [o0.010.11] —| — |0.11
5 He. X 6.3 0.30] 0.27 1.05{ 2.5 [ 1.9 [ 0.23) — | 0.05| 0.14) 0.12| 0.78| 4.3 | 0.40| 0.47| 6.3
He. E 0.20| 0.01) 0.01 0.09| 0.07| 0.02) — 0.01) — | — | — |0.17) — | 0.01] 0.01/ 0.19
Sub T | 16.1 | 0.57 0.49| 3.4 | 6.2 | 4.8 | 0.66| 0.22| 0.08[ 0.34 0.24) 2.7 [10.8 | 0.54] 1.20[15.9
Total 23 1.64) 1.24) 4.6 | 8.2 | 6.4 [ 0.91 0.25) 0.35 0.95) 1.20| 3.1 [12.7 | 1.64 2.8 [22.7

* See footnote Table 6



474—(46)

L) HEADERIREENRES. SHICHL
HODFEF L Table 4 X5 Lt r b (DR
7B GSD ZREHI Ui,

REAER, BB, FEAICE . GSD% Table
6IcRT. F4b 1 AYMh o GSDix, EhboF
L4y 39prad, Aehs b OFF G 27prad T, HEf
66prad TH ot FRFEHCAS &, IERE OX
e X hbondMdurad b b E <L, kT Co-y
fpoo25prad Th - fe. FAEL EHXHR X ITE
{, Fh¥h0.05, 0.04prad CHEH T 5. F
BRBER TIk156~29i%0° Jikedid W, AR T
3lprad Ligo5 T 5.

5. FHEHERE (CMD) & gmFEAERE
(LSD)

Table 2 Offi% (DR AN TEAOEHiHHE
R, LB ORI L X
D (226 CMD ZRH Lic. #E5, Skt
B, REBERc 27 CMD % Table 7 wiRk3. 4
Wh 1 AMbo CMD 1k, Fhb0iss 254
mrad, 4rhs b D554 H% 98rarad T4 5| 152mrad
Thoto. BIEMNTIEOCo-v i n—FE < . ik
WOXEABLThICRE, FElfE i B L3t60~
T4RECHe b L.

(DA TRDI=FZ A D FEHfRIEIC Table 5D
IMRFREERFEEHT T, G)FA»H LSD %3kw
fo. BUER, AEEREER, RSUERICE. LSD %
Table 8 (2R3, F4bH 1 AMbo LSD i3, 5B
b 0S4 pt 6.8mrad, Iri b DAt 16.1
mrad ‘G, &% 22.%9mrad THo7to. = OfE TP
Yo, $T13%, LTI17%, FHTIEY%
Th5H. FETENTIRE L 45~ T—FR
fExRT.

6. & =B

a) iiiEEE#E (GSD) LD\ T

(1) GSD A3 (19714E)Y D154 @ 11 3
ABLTw5B, Zhul, BEZEOREN0% S W
5TV, FECRTE O TR R A S TR RO
reA FFHole0RERFE (FRIRCEHR
WAB) Wil ot LRFERTE 5.

(2) BHEBOEFT LD 51, GSD T

HoARE S RE QMR H40% 55 %

1359 8prad, £fkm12% T, WIEDOTIZ%VC LT
ELLPE LT b.

(3) GSD CExoFboOkdKE W AR
G (AImfE, Vv, H R, v v 6
FOIER) T, £F066%% DT W5.

(4) BERXHT X5H55 131,000 @ 1T
Thb.

(6) 100kV LLF o X4 v e REWRIRC &
BHELELIRA LIt otedl, FO—H1BTH
BRCBTLTWS b EELRE. Lxl, &
TFRHBHC LA FS bircd dprad L ehkDT Y
T E .,

(6) 4EHARBITIE, 15~20 o EE i
ERD 4 ZEHC T E i 0w b hhdb by, GSD
TIEEDAT% S Hd T 5B, TR
MIKENTDTHD.

b) FHEHERE (CMD) & pmFFERGE
(LSD)

(1) CMD k LSD iz £nl32, 23mrad ©
WEOZH LD DTA%, 63%THA. Wik oW
OERR LD FHE CEHERBIFR) D wH
5. BEOFEIZ, X6k RBRERBOKREOHA
T kB,

(2) CMD, LSD o#Fbhofkd K&\ FaEE
X, BTRDR ((FREE) T26%, LTI FR
THIG % & (DT B,

3 Fhy TP I60~TaEHI R DL,
P TA5~BRGHED .

(4) BREEEOBEIC LS 4511 CMD &
LSD it eh% 1 0.27, 0.25mrad ¢ £4& ©
0.2% K1 %THS.

(6) CMD f4% LSD @ bk, HiEix
0.178TH » Fo OMRLE. 1511 s » T DU, Bk
B OBEHFRBEN IR Licz &, 170, 171, 192
8 X ONUDTRZD 5 ELFFH % 40~60% 5 1
e Licz &, EEHIC196, 1973 X U°198 @ H&
DEREI0~20%D 15 1 o Lizz EaERER
Thb.

(6) ICRP 261 X % FILFHE LA O FeFE D\
TD Y A 7 % FHET 5 e 3b D E4hfi I oW T



IRF1554- 5 H25H

BEEpE, sEPThD o CRECHRET 5.
7. ¥ B

EFE SRR X 5 BEAERE ~ 0 F5
W, EMbh 1AM B39, 427, AEf66pradT,
1971015 O 1t -z, ZoFERFEHETR
HEBICT BRI P TR fe o TeicdThH .

— ABIzh OFEHEHiREL, FHicb H54,
298 TR 152mrad T, 19714EDFNDTAY & 7
o T3,

A DA TSR R O BE LA Lic o &
BEKDOFRATHS.

BB A TR, Ehich 1 Abich 5H6.8,
I16.1 CHEHC 23mrad T, 19714EDFhD63%
EiltoTwd, Zhitictko 4 EeREROEED
WAz, BREREOBEOBAC IS SDT
BH5.

PR X HE & T 5 &SRB X 5l
BEEREHEILT0.4%C LT3 M8 it
BEE TR, TFEERIREE 1405 &
EWERRL, ¥ AEEEEED 5% TH
b, EEGEE LTIERTRETHS.

Ak HbbheMy, KPAKCPHIFTIwELESE
o HHRARIEEE, %00 SURELc Wi
FE otk YHERT - 2 ARMED Fx i BRH 0
wFELET.

STk

1) UNSCEAR Report: Sources and effects of
ionizing radiation. United Nation Scientific

2)

3

—

4

o

7)

9

10)

475—(47)

Committee on the Effects of Atomic Radia-
tion: 1977 Report to the General Assembly,
with Annexes.

Bone Marrow Dose Research Group: The
bone marrow dose in tele-radiotherapy in
Japan. Nippon Acta Radiol., 30: 368—384,
1970

FEEE Mk, AnEEEME, JulfEw), BREgEE, A
IHE, WERIEE @ B8 B X 5 s
HEHE o HEE. BARESE, 25 192—
199, 1965

Hashizume, T., Kato, Y., Kumamoto, Y.,
Yamaguchi, H. and Nishizawa, K.: Gene-
tically significant dose from beam therapy in
Japan, 1971. Health Phys., 26: 449—459,
1974

Hashizume, T., Kato, Y., Kumamoto, Y.,
Kawachi, K., Nishizawa, K. and Yamaguchi,
H.:  Population mean marrow dose and
leukemia significant dose from beam therapy
in Japan, 1971. Health Phys., 26: 461—467,
1974

Widh  HE, BRFHR, LW, WEEE, &
=5 #mETERERe L5 BERRD H
JE. . REEA A, REME, BH
ownT, AARER S, 40:52—61, 1980
Hashimoto, M. and Yamada, T.: Annual
Report of Scientific Research Grants 1963.
Ministry of Education, 1964

BLA: B A O PIREWEERT ¢ MRl A oK. A
53F12A 1 A

5 4 K L B A R R ¢ A o i A (g
524E)

WHO: International classification of disease.
World Health Organization, Geneva, 1969




