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In the medical and occupational exposures, there is a tradition to use the genetically significant
dose as an index of harm to the population although it only includes the genetical effects from ionizing
radiations. A similar significant dose for somatic effects such as radiation leukemogenesis and
carcinogenesis should be added to the genetically significant dose in order to approach an index of
total harm to the population from medical and occupational exposures. For this purpose, leukemia and
malignant significant factors were determined based on the induction of malignant diseases including
leukemia for the atomic bombs in Hiroshima and Nagasaki and the life expectancy of individuals
subject to medical examinations or treatments as well as radiation workers, taking account of the
possibility of their deaths due to other diseases or accidents during a latent period of malignant diseases.

The resultant significant factors were tabulated as a function of life expectancy for their application
to medical and occupational exposures. For an example, the malignant significant factor for a person
having the life expectancy of 60, 40 and 20 years was about 0.87, 0.45 and 0.10, respectively.,

This paper will discuss the applicability of the leukemia and malignant significant factors to the risk
estimation of medical and occupational exposures; namely (1) the risk estimation for an individual in the
population; (2) the risk estimation for individuals in a given age group who were continuously
irradiated with natural radiations or received occupational exposures; (3) the risk estimation for the
population in a given age distribution and (4) the risk estimation for individuals after retirement of

radiation works,
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Fig. 1 Derivation of leukemia significant factor
from a frequency of leukemia incidence in Hir-
oshima and Nagaski and a survival rate for a gi-
ven age group of Japanese. c(t) is the hypothe-
tical frequency of leukemia incidence on the
basis of the assumption that no person received
ionizing radiations died at all. a (t) and b(t)
shows the frequency of leukemia incidence for a
group of survival curve A(t) and B(t), respecti-
vely. p(t) giber the frequncy of leukemia incid-
ence for a patient group of survival curve P(t).
For example, b(t)=B(t)-c(t). The leukemia
significant factor for the group B, L, was der-

[=]

0
ived from a following equation; Lb=52 b(t)dt/
o

S;oc(t)dt.
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Fig. 2 Relative frequency of incidence for leukemia and malignant diseases.
The frequency curve for the malignant diseases was estimated using the data
on the mortality experience of atomic survivors® and after 30 years from the
time of atomic bomb exposures, the curve determined by extrapolating from the
frequency curve of leukemia incidence. The curve of malignant diseases gives
the relative frequency of malignant disease for a pattern A,
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Table 1 Leukernia significant factor for man of health and patient of malignant disease
Age . 5years survival rate |
Male | Female : healthy | 60 ‘ 0 | 30 20 10 ‘ 5 | 1
0— 4 77 0.99 0.60 0.41 0.31 | 0.21 0.11 0.06 | Cl.Oit___
0— 4 50 72 0.99 0.60 0.41 0.31 } 0.21 0.11 0.06 1 Q.02 |
5—9 | 10—14 | 67 0.99 | 0.60 | 0.41 | 0.31 21 | 0.11 | 0.06 | 0.02 |
10—14 15—19 62 0.99 0.60 0.41 0.31 0.21 0.11 0.06 Q.02
15—19 20—-24 57 0.99 0.60 0.40 0.30 .20 0.11 0.06 Q.02
20—24 25—29 2 0.98 0.60 0.40 0.30 0.20 0.11 0.06 0.02
25—29 30—34 47 0.98 0.60 0.40 0.30 0.20 0.11 0.06 0.02
30—34 35—-39 3 0.97 0.60 0.40 0.30 0.20 0.11 0.06 0.02
35—39 40—44 38 0.95 0.59 0.39 0.30 =20 0.11 0.06 .02
40—44 45—49 34 0.93 0.58 0.38 0.29 .20 0.11 0.06 | 0,02
45—49 50—54 29 0.90 0.56 0.38 0.29 .20 0.11 0.06 C.02
50—54 55—59 285 0.87 0.54 0.37 0.28 0.19 0.10 0.06 0.0z
55—59 G0—-64 21 (20)* 0.80 0.52 0.37 0.28 0.19 0.10 0.06 0.02
60—64 (5—69 17 (16)* 0.69 0.43 0.30 0.22 1 0.15 0.09 0.05 ¢.01
65—69 T0—T74 13 (12)* 0.56 0.35 0.24 0.18 0.13 0.08 0.04 0.01
70—74 75—79 10 C 9)* 0.380 | 0.29 0.21 0.15 0.10 0.07 | 0.04 ¢.01
75—79 | 80— 7 (6)* | 0.280] 0.18 | 0.13 | 0.09 | 0.06 | 0.04 | 0.02 | 0.01

* ( )...Female &,...life expectancy

Bbhic. FOEKD OFAFET-RIXI978GEE T
OFETIEY?, DAL - TEID DN, Bk
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WIERDOF — 2% 4 L LT, HREOEE
e ERFROD A X HIBEETRE AL,
R R BB &£ LT Fig. 2 OFHRT
AT A S, AAC L BB CRRE -2
wis SR O X1, BIE oFh of3. 76
ZitsTwb, BIMFE & TOMORA L TR
FET-FR D2 & — LT B0 B & s O DERE
TEFRD € — 71 LIcBRIE A MR DSk G858
TERIC T 22040 FRGIERTE TR D HEN
3.7TH B L LEMK O fhig% FBm Lz, #
»C, Fig. 2 @i NAT X5 T iE Btk
IFBAET#dbh, MAK X B BBIETER B ED
¥ — 7 DED50% 1 75 % FHL E ML D155 1R
L, 2SATIES54E &7n 5. Fig. 2 RT4EUR G
AFETED2 2 — v v, BMEO ¥a & Rk
Cafnk B LT RDIBABFERT (MSF)
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e Fig. 3 R 4B, CK XUDD3I2DA
a2—vEFEE L, ThZhD 22— 2ot
MSF #EH LIz, FThLhox —vig2nT
@ MSF % Table 2 ®B, C¥k XUDFIZiRT.
5EETFR D b o T BHFIC2 T o MSF 2,
DAA DEERIAPE b S ELN O A TEILE
% Bk o, Table 2 OfEIT 5 FLE R A5
LTRDBZ EMNTE B,
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Table 2 Malignant significant factor for person of health
Age M,
ey L
Male Female A B C D
0— 4 77 0.94 0.88 0.96 0.96
0— 4 5—9 72 0.93 0.84 0.95 0.96
5— 9 10—14 67 0.91 0.88 0.94 0.94
10—14 15—19 62 0.87 0.71 0.91 0.92
15—19 20—24 57 0.82 0.63 0.85 0.86
20—24 25—29 52 0.74 0.55 0.78 0.79
25—29 30—34 47 0.65 0.47 0.68 0.71
30—34 35—39 43 0.54 0.38 0.57 0.62
35—39 40—44 38 0.45 0.30 0.46 0.52
40—44 46—49 34 0.34 0.23 0.36 0.41
45—49 50—54 29 0.26 0.17 0.26 0.30
50—54 55—59 25 0.18 0.12 0.18 0.22
55—59 60—64 21 (20)* 0.10 0.07 0.10 0.14
60—64 65—69 17 (16)* 0.05 0.05 0.05 0.08
65—69 [ 70—T74 13 (12)* 0.02 0.03 0.02 0.04
70—74 | 7579 10 ( 9* 0.004 0.005 0.004 0.01
*# ( )...Female €,...life expectancy
% T ) I I ) 1 I
/0 = ey o
2 iB
N— | .
sk C&D |
ar .
= L i -
g b
g ?
“w— [
o | 1 4
> 1
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e 1
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Fig. 3 Hypothetical relative frequency of malignant disease incidence. Since
the pattern A was still unknown, three types of pattern were assumed for
the determination of malignant significant factor.
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Table 3 Cumulative significant factor, SF factor
in the text, correct for mean survival rate.
[

Fowale | & | LSFy | LSF,, | MSFy | MSF,,
Male-5)

2 | 7| e 38

7 | 12| 59 34

12 | 67 | 54 29

17 | 62 | 49 2%

2 | 57| 45 29 20 17
o | 52 | 40 28 16 15
32 | 47| 3 277 13 12
37 | 43 | 30 25 9.3 9.0
42 | 38 | 2 23 6.7| 6.6
47 | 34 | 21 20 45| 4.5
52 | 20 | 17 17 | -29| 29
57 | 25| 13 13 1.7 1.7
62 21 9.4| 9.4| 0.8] 0.8
67 17 6.6 0.3

72 13 48| 0.1

77 10 2.7 0.001

82 g 1.3

é,...life expectancy
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Table 4 Variation of risk with age and sex individual. (Risk level : 10-*rad™")

. ICRP |
Normal 20 a0 40 50 |I 60 ’ mean mean |
Leukemia 20 20 19 19 17 14 18 18
Malignant disease 100 74 54 34 18 0.5 36 53
Male Genetic 100 4 34 2 0.2 0 27 29
Total 220 188 107 55 35 14 8l 00
Leukemia 20 20 20 19 18 16 19 19 !
Malignant disease 150 123 98 58 a7 15 69 98 |
Female | qenetic 100 92 12 0.2l 0 0 20 23
Total 270 235 1%{ a7 55 | 31 108 140

¥ BY6R0.95, ERAN, MRS HEY X OF
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