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Estimation of Genetically Significant Does Due to Therapeutic Radiation in Japan
By

Tadashi Hashizume, Yoshio Kato, Takashi Maruyama, Akihieo Shiragai
Physics Division, National, Institute of Radiological Sciences
and
Shizuo Maruyama, Masaomi Takizawa

Roentgen Center, Shinshu University Hospital

The genetically significant dose to the Japanese contributed by diagnostic x-ray was estimated to be
38.6 m rad/y per new born child according to the study made by the Education Ministry’s Research
Group in which some of the authors participated. At this time an estimate was made to determine the
genetically gisnificant dose contrituted by radiation therapy. The irradiation conditions and number
fo cases were determined on the basis of the National Therapeutic Survey Tables compiled by the Edu-
cation Minisiry’s Research Group.

Determinations were made by use of phantoms. A colonial dosemeter equipped with a chamber which
has small energy response was uesd. There is much room for review of the method for calculating the
number of expected children for patients, but in this case it was tentatively calculated on the bais of 5 year
survival rate. These values were calculated by IBM for each case according to the conditions of irradi-
ation.  As a result, the contribution of genetically significant dose due to therapy was found to be about
2.2 9 of that due to diagnosis or 0.87 mrad per person per year.

Of the above, 80 % of the whole was due to x-ray and 20 9, was due to RI. Males contributed
62 9 of the whole while that by femelas was 38 %. The contribution by children (persons under 15

years) was 40 9, of the whole.
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Fig. 1 Classification of the parts of therapies
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Table 1. Gonad dose due to stray radiation (adult,>>15 years old: female)
(WR/Rys-cm?)
[+H 0] I
D T 1 22 PO A 5% PO 1 153 v IR B
Tube Voltage ™| 4, 8.11.15| 4. 8.11,15 4, 8,11,15 2
100KV 0.32 0.41 0.65 1.90 9.10
150 0.83 1.05 .65 4.55 20.3
200 1.50 1.80 2.85 7.70 30.5
250 1.98 2.40 3.70 9.75 38.0
cobalt 1. 00 1.20 1.50 4. 00 15.0
e i
d—3 4—?1% 413 414 5—2
T 8, 11
T00KV 5.2 6. 00 8.3 4.50 210
150 12.3 13.4 18.8 12.3 415
200 20.3 21.0 30.0 21.0 660
250 25.3 26.6 38.3 27.2 850
cobalt 12.0 13.0 15.0 12.5 220
|~ 6 7 13
HEH“WMHK 5—3 5—11 5—10 51z 5—14
T00KV 75 200 230 1% 55
150 315 380 445 298 155
200 470 525 690 510 320
250 575 675 888 750 478
cobalt 165 195 210 220 140
HHH“Ha 6—3 6—6 6—38 6--14 T—3 18
— 9 7: 15
100KV 480 405 235 200 5. 60
150 925 760 440 410 14.9
200 1300 1170 620 710 25.5
250 1530 1450 720 3 950 33.0
cobalt 450 420 250 430 8.8

2) Stray radiation iz X ZA4:7EEERE X, B
HEROMBEIH - CHHM LTS LRELT,
2 B0 TS L TsRkD b - ATEIRER R ¥,
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L, ¥iczot o Zehifth cE8->T1R1
cm? 70 OEE LTk, 203 bFEAL
FOHEEFHEIFWCRT.

EFEIERRE R TCHBT 3 e RELE. B
SDBEL-TH AENICAS volume dose X
WEEAEEET, EC—o 0Bl RERECIE
HRHECE EEpEY—20—ERFIMH B L
EOEIEESE BRI LRV TTH D
b, BHWF S DACnDfE &/ Lz, ¥ 72, A%
A B OVR PSR B R 1 R P

Table 2. Gonad dose due to direct beam

(adult, = 15 vears old;) (mRfcm?)
‘ Female Male
= Site
; 13|, _ 61, 7
Tube 6—4|6—156— 7|7 —3|T—1o|T 14
Voltage ™.
kVp ) <
100 130 78 56 | 800 30 | 300
150 203 133 | 112 | 890 76 ._‘g?_-
200 290 | 250 | 200 | 940 150 | 580
250 | 400 | 330 | 295 | 965 | 250 | 690
cobalt 800 | 720 | 680 | 1000 | 600 | 900
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Table 3. Percentage depth dose of various field size, at 10 cm depth (%)

Field  Tyemxdca 5x5 | 6x6 | 7x7 | 8x8 |10x10 | 12x12 | 1515 | 20x20
X-ray 18.3 2&1‘%&‘ 23.7 255‘%1 31.2 | 34.1 | 37.8

cobalt 43.8

45.0 | 45.2 ‘ 47.2

S (BAEELF6—2, 6—45) 1k, R4
B OWRAEh2b b TN TAMERC S5 D
L L7z, L7z32TF 8 D4Cemff@4dE 8emx 8cm
B EEE (HEERREZE2RCRT. ) %
FIHT B0 dl=2CwD & 5 hfBIEE L.
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AeffifE 1.0mmCu O XFRE LU “Co DFEX D
JRSTEF T, ASTERE 2 100 U 7zH: 0 10cmERES
BMEPEIFCELBE0. 3R TmX gemfi
S TOfEE1,000 & L7zt 2 OERERICRT
LEB2ROTE 2B,

IO Th, 3 &5, NRFE 2RV TIEk
FEHEELAPERCAB I L0, THRED
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Fig. 2 Ratio of 10cm depth dose of wvarious
field size to that of the field size of 64 cm?
(8em em)
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v, 14570 OFH R EHNZ7.0cm? & 2 5
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48.1 | 49.7 | 50.9 | 52.5 | 54.7
Table 4. Frequency of field size
g:e(]ig nil)ze .F‘requ}ti,ncy SiXN;
3 1 2
4 8 32
6 ; 0 0
g ; 17 153
i 12 6 R7)
16 I 112
25 1 1025
36 4 1584
45 168 8064
64 | 18 1904
7 29 2088
80 128 10240
100 479 47900
120 78 9360
150 | 126 | 18900
i 225 69 , 15525
il 400 25 | 10000
> 400 0 | 0
& 1412 ‘ 136961
"_.§SJﬂdfbh o7. 00

Gacm? WHEOI R H b, FHRHMEE b
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Table 5. Ratio of 10 cm depth dose with various F.S.D. to that of the 40 em F.S.D.

a\scm]w{zo\so\xm

50

70 iso}

60 90 ’ 100

K 0.17

0.39 | 0.69 | 0.88 ‘ 1.00

1.09

115 | 1.20 [ 1.23 } 1.27 j 1.29

Table 6. Frequency of F.S.D. and correction value of the frequency due to E.S.D.

FSD|<5a 10 | 20 ‘ 30 | 20 |50 60 |70 8 | 90 |100<| § [
Surface | Fi* | 78 | 30 | 167 | 553 | 403 | 76 | 6 | 1 Iz [0 msa [
Therapy | Ny#| 13.3 11.7 115.2 486.6, 403 | 82.8 6.9 1.2 0 | 15.2 0 [1185.9 -
Deep F* 0 1 46 12378 Fﬁlﬁﬁ 1780 | 638 12 0 0 6 !8027 0.995
Therapy | Nj| " 0.4/ 31.72092.6 3166 1940.2| 733.7 14.4] 0 0 7.77986.7
RL F | 6 | 54 | 25 |772 | 1569 (1619 |534 (1339 | 4 | 0 | 2 [5924
Therapy "N | 1.0 21.1] 17.3 679.4) 1569 |1764.7| 614.11606.8 4.9 0 | 2.66280.9 0

* F; : Frequency

BERDOFHEIESEORKEL*HIZLFSD
40emTH Z A0 7 & [E U 10cmEZBEie a5 % o
Bichsds, ZhPHE6EINELL TERT. =
76, BRI Y UR I#8C 2w T EhEh 3N; &
EiFi EDHERDBE 0.857, 0.995, 1.1060k

2%, LIB2oTZOE*FSDOREME LT
fER L 7.
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Fig. 3 Method of the calculation of the mean
future number of children per head
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Table 9. Genetically significant dose (rad)

—

|02 |37 31 | <15 ‘ >15 total
surface therapy 20 43 480 543 1,453 1,997
male dezp therapy 70 4 396 470 118 588
"7 total 0 47 876 1,013 1,571 | 2,584
surface therapy 9 97 32 138 263 | 401
female | deep therapy 1 2564 255 510 454 1,392
total 10 351 287 648 717 1,365
male Co, Cs 1 15 21 37 424 461
female Co, Cs 69 59 52 180 388 568
H‘"““‘Hmh,hh__ﬁh ‘ X-ray R. L total
male 2.69x10° 0.46 % 10° 3. 15 10°
female 1.37x 10 0.57%10° 1.94%10°
total 4. 06 x 10° 1.03x10° | 509x10°

Table 10. Contribution of each part of the
rapies to genetically significant dose (%)

site jmale ’f‘emaie ‘ site !male ‘ female
I 0.02  0.10 2 0.08 0.23
3 0.10 0.82 4 0.12 4.94
5 0.12| 26.67 | 3112.65 0
i 6.671 7.30| |14|3L.65 0
7
6| 13 7
15! 4.4; 6.83 10| 58 —
etc. | 23.94 33.10 etc. | 13.87] 0.21
g | 100 o0.12 9 | 0.200 0.03

Table 11. Contribution of each age class
to genetically significant dose (%)

Age Male Female

0—2 3 5

317 2 20

8§ —14 33 22
" 1518 7 13
TT19—30 42 ,! 29

31—4d 12 11

45— ) 1 0

FB L ULFOBHE 9.1x10° rad B kU112
% 10% rad 2R ENEROMIEZTTS .

i) EEEOBBEEFCER L DLEDEL
17.773/16.643, El®H 1,06794% L 7z,

i) EZsR60% & L T10/6, Bl H1.667fF L 7z.

iii) WAF 1 VETCHBOTLHFC B2

Table 12, Mean future number of children
per head of patient

Age Male Female
—-18 1.339 0.404
—30 0.388 0.083
—44 0.080 0.029
45— 0.003 0.000

L7z

DL EOREIE 24720 7ol £ k4h T 3 FEo
¥1,249 X18AT #W-oT, WEGEEEL LT
Bz k5254 0.54mrad. o7 k 355 0.33
mrad. #0.87mrad #437-. .

Z O X#gH & 2 HEEERE D 2.3%
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