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Abstract - The lifetime fatal radiation-induced cancer for Korean has been estimated for
both single and continuous radiation exposure using the BEIR V method. In case of single
exposure, the major radiation-induced cancer type for young and old age is digestive and
respiratory cancer, respectively. For the whole population of Korean, the major radiation-
induced cancer type is digestive cancer. In case of 1 mGy/yr continuous exposure from
birth to death, the contribution of total radiation-induced cancer mortality to natural cancer
mortality is about 3%.
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Introduction

Exposure to low-LET ionizing radiation
may cause cancers. Radiation-induced cancer
studies have been established by the data
of the atomic bomb survivors of Japan, Cana-
dian and U. S. patients examined by fluoros-
copy during the treatment for tuberculosis,
and other medical disease(1). The Fifth Co-
mmittee on the Biological Effects of Ionizing
Radiations of National Research Council, the
BEIR V Committee, developed risk models
for radiation-induced cancer mortality based
on the study of the atomic bomb survivors
between 1950 and 1985, and Canadian fluo-
roscopy between 1950 and 1980(2). The
BEIR V Committee believes that the use of
absolute (additive) risk model is no longer
tenable and recommends the use of relative
(multiplicative) risk model(3). In relative risk
model, radiation-induced cancer risk is pre-
dicted from relative risk factor, and statistical
data of natural cancer mortality and life ex-
pectancy of the relevant population. Since
these statistical data are different between
nations and vary with age, radiation-induced
cancer risk may represent different results
in varied populations and ages at exposure.

The objective of this study is to assess the
lifetime radiation-induced cancer mortality
for Korean using the relative risk model that
is recommended by the BEIR V Committee.
The calculations are performed for the follo-
wing cases.

(1) 0.1 Gy single (acute) exposure for each
age

(2) 0.1 Gy single exposure for whole popu-
lation

(3) 1 mGy/yr continuous (chronic) expo-
sure from birth to death

Relative Risk Model

In relative risk model, radiation-induced
cancer mortality is expressed as multiplica-
tion of the natural mortality for a specific
cancer and the relative risk function of the
relevant cancer type(4).

€D, as, a, 5)=%a,s) X R(D,as,as) (1)

where,
€ ! radiation-induced cancer mortality
& : natural cancer mortality
R : dose-response function
D : exposure dose [Gy]
a, . age at exposure
a . ages since exposure
s . sex of the subject

Since the ethnic and environmental chara-
cteristics are included in the natural cancer
mortality, %, thus the relative risk function
R may be applied to varied populations with
greater confidence than could be done using
the absolute risk model. The BEIR V Com-
mittee presented relative risk functions for
several particular types of fatal cancers in
the following form(2).

R(D, a, a, s) =%as, a, s)D+B(as, a, s) D*
2

where @ and A are constants dependent on
cancer type. If B=0, the linear risk function
holds.

Relative risk function

Leukemia. Relative risk function is inde-
pendent on sex. The latency period is about
two years. Risk is zero during the latency
period. A linear-quadratic fit is used(2).

R(D, o, ) =(0243D+0.271D") ™ ®  (3)
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7=4.885, (£15, ai<20
7=2.380, 15<t<25, ao<20
7=4.885, ¢£25, a0>20

7=4.885, 25<t<30, a.>20

where ¢t is the elapsed time in year since
the exposure, ie. f=a—da..

Respiratory cancer. The latency period
is about ten years. A linear fit is used(2].

R(D, as S)=0636D e(~1.437ln(1/20)+7) (4)

7=0, for male
Y=0.711, for female

Breast cancer. The latency period is
about ten years. Breast cancer is applied only
to female. A linear fit is used(2).

R ay t s)=
0.636D e(71—0.104ln(l/20)—2.2121h2(t/20)—72(t—20) (5)

7,=1.385, .<15
7=0, ap=15
7,=0, a,<15
7,=0.0628, a.<15

Digestive cancer. The latency period is
about ten years. A linear fit is used(2).

R(D, ay t s)=0809 D ¢ (6)
7=0 for male
7,=0.553, for female
72:0, av<25
7,=0.198(a,—25), 25<a,<35
7,=1.98 @0<35

All other cancers. The latency period is
about ten years. A linear fit is used (2]).

R(D, ay & 5)=1220 D ¢’ )

7=0 <10
7=0.0464(a,—10), a>10

Dose rate effectiveness factor (DREF)

Relative risk functions are derived from
high dose and dose rate of low-LET ionizing
radiation. In the BEIR V method, relative
risk function for radiation-induced cancers
are linear except for leukemia. When a linear
function of relative risk is applied to risk for
exposure at low dose and dose rate, the esti-
mates are too high by at least a factor of
2 and perhaps by a factor of 10 as agreed
by the NCRP and the UNSCEAR Committee
(4).

Lifetime Radiation-induced Cancer Risk

Evaluation of the lifetime radiation-induced
cancer mortality at the age of the exposure
requires two kinds of statistical data for life
expectancy from the relevant population. One
is the yearly natural cancer mortality for
each cancer type and the other is the perce-
ntage of liveborn living at the beginning of
age interval. These statistical data derived
from the life expectancy data for the Korean
population in 1994 are given in Table 1 and
Table 2 (5). The lifetime radiation-induced
cancer mortality due to the exposure at age
4, is estimated by the following equation (4].

U(do, D, S) =
N{g, s)

N s) ¢(a, s) RID, a0, as) @B

where
U : lifetime radiation-induced cancer
mortality
N : the number of persons survived

where the summation is from age at expo-

sure through the entire life expectancy.
The average lifetime radiation-induced ca-

ncer mortality for a particular population is
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Table 1. Natural cancer mortality per 10° persons
for the Korean population in 1994,

Age interval Male
Leukemia Respiratory Digestive Other
0~4 264 0.06 0.34 3.33
5~9 3.03 0 0.18 2.10
10~14 2.75 0.14 0.29 145
15~19 3.05 0.4 0.93 325
20~24 258 047 1.68 246
25~29 2.73 0.66 5.50 3.58
30~34 250 1.82 12.77 445
35~39 2.84 434 27.10 6.79
40~4 3.19 9.28 6685  11.83
45~49 342 21.59 11687  21.67
50~54 493 49.97 22678  41.60
55~59 5.99 110.65 33750 72.70
60~64 1017 205.44 47428 9740
65~69 1048 31952 646.03  156.02
70~74 15.51 413.82 87472 210.79
75~79 9.56 445.79 94327 27423
80~84 2048 441.32 1266.22 44876
85~ 1117 45249 1307.19 54187
. Female
Age inerval Leukemia Respiratory Digestive Breast Other
0~4 198 026 019 0 3.33
5~9 2.01 0 0.13 0 2.10
10~14 191 0 0.21 0 145
15~19 152 005 116 0 3.25
20~24 164 027 251 036 246
25~29 158 079 617 079 358
30~3¢ 165 118 1038 288 445
35~39 212 217 1491 430 679
40~44 307 434 2199 628 11.83
45~49 380 718 4081 1029 21.67
50~54 346 1524 6310 982 4160
56~59 476 2297 9850 10.66 72.70
60~64 422 3669 15238 10.87 9740
65~69 629 5641 21204 934 156.02
70~74 595 80.04 31172 1258 210.709
75~79 326 11042 38123 796 274.23
80~84 1359 16578 646.83 1540 448.76
85~ 9.06 166.09 610.00 2567 541.87

*International Classification of Diseases (ICD) in-
dices as follows (parentheses represent 124 abrid-
ged tabulation number in Korean) ! leukemia 204-
208 (36), respiratory 160-165 (29-30), digestive
150-159 (23-28), breast 174-175 (31)

obtained by the summation of the multiplica-
tions of lifetime radiation-induced cancer
mortality and the population fraction of the
corresponding age (4).

UD,s)=2Ulay D, s) * Flao, 5)

where,

K

U : average radiation-induced cancer
mortality for population
F : composition fraction of

corresponding age

©)

The composition fraction in percentage for
the Korean population in 1994 is given in
Table 2 (5).

Table 2. Life expectancy data for the Korean po-
pulation in 1994.

Male
Survival percentage at the :

I L e

Male Female Male Female
0~4 100.000 100.000 7.78 7.10
5~9 98.262 98.263 7.66 7.00
10~14 97647 97.731 9.27 8.79
15~19 97.033 97211 9.08 8.63
20~24 95431 96361 1038 9.94
256~29 93316 95.200 9.50 9.17
30~34 90.760 93.863 9.84 9.60
*35~39 87291 9214 8.95 8.75
40~44 °82.800 90.133 6.31 6.06
45~49 77941 88185 5.36 5.24
50~54 72180 85.583 4.80 4.85
55~59  63.848 81625 4.18 443
60~64 53453 76.163 2.81 3.59
66~69 43449 69.091 1.80 2.72
70~74  33.153 59.893 1.28 2.03
75~79 21466 47.299 0.66 1.30
80~84 11779 32.590 0.25 0.50
85~ 4.747 17483 0.09 0.30
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Results and Discussion

The lifetime radiation-induced cancer mor-
tality has been estimated for single and con-
tinuous exposure using the life expectancy
data for the Korean population in 1994. For
0.1 Gy single exposure of low-LET ionizing
radiation, the lifetime radiation-induced can-
cer mortality was calculated for each age and
whole population. And lifetime radiation-in-
duced cancer mortality was calculated for 1
mGy/yr continuous exposure from birth from
death. For conservative estimation, the DREF
of 2 was only applied to the case of conti-
nuous exposure.
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Fig. 1. Lifetime Radiation-Induced Cancer Morta-
lity per 10° Males as a Function of Age at Expo-
sure in Case of 0.1 Gy Single Exposure.

Figures 1 and 2 show the lifetime radia-
tion-induced cancer mortality per 10° persons
as functions of the age at the exposure and
cancer type for the case of single exposure
of the Korean male and female, respectively.
For the most cancer types, the lifetime ra-
diation-induced cancer mortality is high in
the case of the exposure at young age except
for respiratory cancer. It is mainly due to
the fact that the remaining life expectancy
of young people is long. Especially, the con-
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Fig. 2. Lifetime radiation-induced cancer mortality
per 10° females as a function of age at exposure
in case of 0.1 Gy single exposure.

tribution of digestive cancer to total radia-
tion-induced cancer mortality is dominant in
the case of the exposure at young age be-
cause of the high natural digestive cancer
mortality that is shown in Table 1. Respira-
tory cancer shows high sensitive response
in the case of the exposure at old age.
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Fig. 3. Lifetime radiation-induced cancer mortality
per 10° males for exposure at age 25 and the ratio
of radiation-induced cancer mortality to natural
gancer mortality in case of 0.1 Gy single exposure.

Figures 3 and 4 show the lifetime radia-
tion-induced cancer mortality per 10° persons
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for the exposure at the age of 25 and the
ratio of radiation-induced cancer mortality to
natural cancer mortality in the Korean male
and female, respectively. Radiation-induced
respiratory and digestive cancer depend on
sex as represented in relative risk function.
For both cancers, the ratio of radiation-indu-
ced cancer mortality to natural cancer morta-
lity was is distinctly dependent of sex. Fe-
male is more sensitive to radiation exposure
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Fig. 4. Lifetime radiation-induced cancer mortality
per 105 females for exposure at age 25 and the
ratio of radiation-induced cancer mortality to na-
tural cancer mortality in case of 0.1 Gy single ex-
posure.

Table 3. Comparison of average radiation-induced
cancer mortality per 10° persons between the Ko-
rean and the US. population in case of 0.1 Gy
single exposure.

US. population*
cancer type Male  Female Male Female

Radiation-induced  Korean population

Leukemia 10 6 10 (G0~280"* 80 (30~190)
Nonleukemia 46 789 660 (420~1040)"* 730 (350~1020)
Total 816 84 710 (540~1240) 810 (630~1160)

*Reference [(4)
**90% confidence limits are given in parenthe-
ses
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Fig. 5. Average lifetime radiation-induced cancer
mortality per 10° males and females.

than male for both cancers. Total radiation-
induced cancer mortality for female is 1.13
times higher than that of male, though natu-
ral cancer mortality of male is 1.43 times hi-
gher than that of female. For both sexes, the
ratio of radiation-induced leukemia mortality
to natural leukemia mortality is considerably
high. It means that leukemia has high dose-
response relationship.

Figure 5 shows the average lifetime radia-
tion-induced cancer mortality per 10° persons
of male and female in the Korean population.

- The contribution of digestive cancer is domi-

nant as represented in the results of single
exposure. Table 3 shows the average lifetime
radiation-induced cancer mortality for both
the Korean and the U. S. population. In this
table, the results for the U. S. population was
obtained by the BEIR V Committee using
the statistical data of population in 1980. Ra-
diation-induced leukemia mortality for the
Korean population is lower than that for the
U. S. population, while radiation-induced no-
nleukemia mortality for the Korean popula-
tion is a little higher than that for the U.
S. population (4). Total radiation-induced ca-
ncer mortality is similar between the Korean
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and the U. S. population, though radiation-in-
duced mortality of each cancer type is diffe-
rent.

g

¥
i

d mortality [p
3
itﬁ
H

g

5 15 25 35 45 85 65 78 85 95
Age at exposure

Fig. 6. Ratio of lifetime radiation-induced cancer
mortality (RIM) to natural cancer mortality (NM)
per 10° males in case of 1 mGy/yr continuous ex-
posure from birth to death.
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Fig. 7. Ratio of lifetime radiation-induced cancer
mortality (RIM) to natural cancer mortality (NM)
per 10° female in case of 1 mGy/yr continuous
exposure from birth to death.

Figure 6 and 7 show the ratio of the life-
time radiation-induced cancer mortality to
natural cancer mortality per 105 persons in
case of 1 mGy/yr continuous exposure from

birth to death in the Korean male and fe-
male, respectively. The contribution of total
radiation-induced cancer is about 3% of total
natural cancer mortality.

Conclusions

The lifetime radiation-induced cancer mor-
tality for Korean has been estimated for si-
ngle and continuous exposure using the rela-
tive risk model that is recommended by the
BEIR V Committee. In case of 0.1 Gy single
exposure, the major radiation-induced cancer
type for young and old age is digestive and
respiratory cancer, respectively. The ratios
of total radiation-induced cancer mortality to
total natural cancer mortality are 32.9% and
52.9% in male and female, respectively. In
case of the 0.1 Gy single exposure of whole
population, the major radiation-induced can-
cer type is digestive cancer. Total radiation-
induced cancer mortality is similar between
the Korean and the U. S. population. In case
of 1 mGy/yr continuous exposure from birth
to death, the contribution of total radiation-
induced cancer mortality to natural cancer
mortality is about 3%.

In this study, it should be noted that the
statistical life expectancy data of a particular
year have been considered. To conduct more
reliable risk assessment, it is important to
choose the control population carefully. Also
the comparative study between model results
and epidemiology results around nuclear
reactor site is necessary.
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