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BFERE (7,204) (1,497)
IR R E R @ @
BiRAE (F%) 1,570 600 140 2,310 16,953 19,263
BRFEARE (1,569) (598)
IR R E R &) @
R EAE 645 75 16 736 642 1,378
BFERE (331) 27
FIRXT R E (R4 (314) (48)
&t 9,423 2,174 433 12,030 34,486 46,516
BRI RE (9,104) (2,122)
R X REIEE (319) (52)
&&t BLXRE 48,945 8,767 3,460 61,172 90,677 151,849
R RE (48,923) (8,757)
IR RE IR (22) (10)
BT (%) 4510 1,584 483 6,577 39,320 45897
B RE (4,503) (1,575)
IR R E R @) (9
BRIXFRAEST 53,455 10,351 3,943 67,749 84,100 151,849
GE~#0 (126,800) (197,746)
VRESOE £y (53,426) (10,332)
 FRNREEME (29) (19)
HhIRE 24,459 4,766 635 29,860 30,485 60,345
B RE (9,446) (1,441)
1248 (15,013) (3,325)
it 77,914 15,117 4578 97,609 114585 212,194
(EEA~ %0 (157,285) (258,091)
B RE (62,872) (11,773)
AR X REIE A (15,042) (3,344)
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RERF Special Program R-06

Radiation Epidemiology Study of Nuclear Workers in Japan:
past and present of J-EPISODE

Shin Saigusa
Institute of Radiation Epidemiology, Radiation Effects Association

It is well known that radiation health risk estimation for radiation protection is based on the
epidemiological data from the results of LSS (Life Span Study) of Atomic Bomb Survivors. This health
effect data is the result of single- and acute-exposure to relatively high-dose and -dose rate radiation,
and therefore, it is still challenging to estimate the health risk of the radiation of the exposure level of
nuclear industry workers during normal operation, i.e. over ten mSv order, from the LSS study. To
evaluate health risk of nuclear industry workers in Japan, the successive regulatory agencies of Japanese
government had been committing an epidemiological study to the Institute of Radiation Epidemiology
(IRE) of the Radiation Effects Association (REA), Japan. This study will later be called as J-EPISODE.
The first period of study initiated in the year 1990. Until today, study results have been published every
5 year, and total 5 periods of the mortality follow up survey had been completed. Present sixth period
study started in year 2016 and, following the development of the law on the protection of personal
information of research in Japan, informed-consent procedure by opt-in was introduced for the first
time in this study. Respondents those agreed to cooperate with this survey were requested to answer
the questionnaire about their daily lifestyle. Questionnaires are developed based on the results of the
previous analysis which discovered particular kinds of the lifestyle factors confound the relationship
between radiation dose and cancer mortality in this survey. Furthermore, in addition to the mortality
follow up, cancer incidence follow up is also planned to be included in the sixth period of study or
later, based on data expected to be provided from the National Cancer Registry of Japan which is now
developing and planning to be established within year 2018.

This study was commissioned by the Nuclear Regulation Authority of the Government of Japan.
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SIMULATION OF SURVIVAL BIAS IN EPIDEMIOLOGICAL
SURVEY BY REANALYZING J-EPISODE
AND HANFORD WORKERS

Hiroshige Furuta’, Akemi Nishide’, Shin’ichi Kudo’, Keiko Yoshimoto', Shin Saigusd’
Institute of Radiation Epidemiology, Radiation Effects Association, Tokyo, Japan

e-mail: furuta@rea.orjp

BACKGROUND: Japanese Epidemiological Study on Low-Dose Radiation Effects (J-EPISODE) has high-quality
dose data and data on cause of death, as well as lifestyle data such as smoking for a part of it.

Although the inception of radiation exposures began in 1957, the follow-up period of the cohort was 1991 to 2010,
which was one of the weaknesses. The average follow-up period was 14 years, the total observation was 3 million
person-years, and the population was decreased by 10% at the end of follow-up, indicating that the statistical
power was not sufficient. There was also the possibility of a suvival bias due te the cohort setting in 1991.

In addition, the new cohort to be set in 2019, which employed opt-in method for informed consent, might have a
selection bias, because the subjects are restricted to survivors and consentees might be in good health.

OBJECTIVES: To simulate survival bias by reanalysing J-EPISODE and Hanford workers and assess the possible
impact of survival bias.

MATERIALS & METHODS: The micro data set of "Hanford Workers Cohort Study Follow-up Through 1994” at the
Comprehensive Epidemioclogical Data Resources (CEDR) was used for comparison with J-EPISODE.

Mortality of all cancers excluding leukaemia was taken as an end point. Poisson regression was applied for the
Hanferd male workers and J-EPISODE by changing cbservation period, to clarify the effects of survival bias.

Also windows approach regarding dose rate and age at exposure was applied for both cohorts, in order to clarify
the structure of each cohort and passible causes of survival bias.

RESULTS: The simulation results of estimated survival bias under several assumptions indicated that the direc-
tions of the bias were not constant. The possible causes of the differences were discusses in line with birth co-
horts and trends of annual exposure dose.

Acknowledgements: The authors wish to thank the US Department of Energy (DOE) for providing publically available datasets
at CEDR. This study was funded by Nuclear Regulation Authority, Japan.
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J-EPISODE (Japanese Epidemiological Study of Low-Dose Radiation Effects)
Simulation of survival bias in epidemiological survey

by reanalyzing

-EPISODE and Hanford worker

Hiroshige Furuta, Akemi Nishide, Shin’ichi Kudo, Keiko Yoshimoto, Shin Saigusa

Institute of Radiation Epidemiology, Radiation Effects Association, Japan

Challenges of J-EPISODE

v" Dose records of nuclear workers available since 1957.

¥ On the other, follow-up began for survivors from 1991.

v Possibility of survival bias, because mortality from 1957 to 1990
were not considered for risk estimation (NCRP Commentary No.
27, 2018).

v" Further, a new cohort to be constructed in 2019 will be composed
with survivors who consented to the study during 2016-2018.

v" Need to assess direction and magnitude of survival bias.

v Next data are missing for direct assessment of survival bias.
total number of death during 1957-1990
death date and cause of death
correspondence with dose records

Objectives of the present study
¥ To clarify direction and magnitude of survival bias.
v" To clarify factors affecting survival bias.

Materials and Methods

v Cohort data of Hanford workers provided by DOE, and J-EPISODE

¥ Target was all cancer mortality excluding leukaemia

v Poisson regression was applied.

v Estimated ERR/Sv for Hanford male workers since time T
(T=1975, 1980, 1985 and 1990), assuming that follow-up was
carried out for survivors at time T.

v Estimated ERR/Sv for J-EPISODE since time T (T=2000 and 2005),
assuming that follow-up was carried out for survivors at time T.

Result I: Direction of survival bias is not constant.

Bias (ERR/Sv) Direction of survival bias (B-A)

0.4
et Hanford workers J-EPISODE
0.0 _-___-_-
02 =
-0.4
-0.6
1975 1980 1985 1990 2000 2005

Virtual starting year (time T) of follow-up

Result I : If dose distribution of the deceased had
changed to lower, the survival bias would change to
positive direction.

Bias (ERR/Sv) Survival bias (B-A)

Profile of J-EPISODE cohort
Follow-up period: 1991-2010

Size: 204,103 male nuclear workers

Mean age at the end: 55.6 years old

Total follow-up: 2.89 million person-years
Mean follow-up: 14.2 years/person

Mean cumulative dose: 13.8 mSv at the end
All death: 20,519

Caused by cancer, excluding leukemia: 7,929

Reanalysis of Hanford workers

Micro data set of "Hanford Workers Cohort Study Follow-up Through
1994" at the Comprehensive Epidemiological Data Resources (CEDR)
Restricted to male (19,684 persons).

Dose data 1944 to 1989 (10-year lag assumption)

Follow-up period 1944 to 1994

Cohort definition: hired during 1944 to 1978

Start of follow-up: 180 days after employment

Definition of survival bias
« Survival bias=(ERR/Sv derived from B)-(ERR/Sv derived from A)

i Follow-up period of A

C: the deceased

until time T Follow-up period of B

B

Survivors until
time T

Time 0: start of exposure Time T

Result I : If E‘lorta]ity by ag}Fad chanéed to higher,
that is, death date had become earlier, the survivor
bias would change to negative direction.

Bias (ERR/Sv) Survival bias (B-A)
Hanford (T=1975) J-EPISODE (I~

S0
PR

One year One year

One year
earlier

One year

later later

earlier

Virtual death date of each subject of C: the deceased

Results of windows approach by dose rate and age at exposure
¥ Might indicated differences of the trends of dose exposure, and structure
of birth cohorts.

04 o (T=1975) J-EPISODE (T=2000) ¥ 1t may have influenced the appearance of survival bias.
0.2
0.0 Dose rate / | ERR/Sv (90% CI) for all cancers excl. leukaemia
0.2 QS TLEXPOSUTE | panford (1944-1994) J-EPISODE (1991-2010)
0.4 <SmSvfy | 14.8 (6.0, 23.6) -3.8(-8,0.23)
06 >=5mSv/y | 2.23 (0.89, 3.57) 1.59 (0.73, 2.46)
30% -10% 0% +10% 0% +0% +10% <4Syears | 15.2 (5.34, 25.0) 0.06 (-1.02, 1.19)
Change of dose exposed for each subject of C: the deceased >=45years I 2,39 (1.01, 3.77) 2.16 (0.91, 3.14)
Total | 052(-022 125 1.20 (0.43, 1.96)
Conclusions

v Direction of survival bias is not constant.

¥ TO DO: Despite lack of death data during 1957-1990, survival bias

v If dose distribution of the dead changes to lower, the bias changes to  will be assessed by simulating death data consistent with dose

the positive direction.
v If death rate by age had changed to higher, that is, death date had
become earlier, the survivor bias would change to negative direction.

records.

+ This study was funded by the Nuclear Regulation Authority of the Government of Japan.
« We wish to thank the US Department of Energy (DOE) for providing publically available

http://www.rea.or.jp/irefenglish/

datasets at the Comprehensive Epidemiologic Data Resource.

55




H AR B S22 5 51 [MIKE (FLi) 2018.6.29

AR EEHEEC S IHILRTET Y RS DR

Leukemia Mortality Analysis among Japanese Nuclear Workers
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11.4 RADIATION RISK
MODELS
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ABSTRACT

Background

The latest report of Japanes Epidemiological
Study of Low-Dose Radiation Effects
(J-EPISODE), which fallowded up 204,103
male nuclear workers during 1991-2010,
indicated that smoking might be & strong
confounder in the association with radiation
and cancer mortality, and the report therefore
had no clear conclusion regarding low-dose
radiation risk.

Most workers have engaged in NPPs, which
have been in operation since 1868. The annual
exposure dose at the 85th percentile was over
10mSvry in the 1970s, but declined sharply, to
less than the natural radiation level. The dose
exposed during 1870-85 largely affected the
cumulative dose during the follow-up period.
Objective

The objective of the present study is to
evaluate the impact of several time dependent
modifying factars, such as annual exposure
dose rate.

AOCRPS

The 5th Asian & Oceanic IRPA Regional Congress on Radiation Protection
(AR A—AFTU7T) 2018.5.23

Methods

The cumulative dose was divided into several
windows of the factor studied, and an additive
ERRA model was applied.

Resuits

Regarding the twa windews of annual dose rate
(for instance, <5 mSviyear vs. >=5 mSviyear),
the ERR/Sv in relation to the cumulative dose
received at <5 mSv was negative, and smaller
than that received at >=6 mSv.

Conclusion

A Gumulative dose derived from an extremsly
low annual dose rate suggests a different dose
respanse than that from a higher dose rate. We
propose paying attention not only to cumulative
doses, but also to the exposure dose rate and
duration of exposure.

Funding
This study was funded by the Nuclear
Regulation Authority, Japan.
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ABSTRACT

Background

Gomparisons in the health risks between
radiation and other lifestyle-related risk factors,
such as smoking, are supplied so far. However,
these comparisons reported consist of
combinations of health risks observed in
different cohort studies, We performed direct
comparison between radiation risk and lifestyle
and socio economic factors on cancer mortality
derived simultanesusly in one cohort.

Methods

Acohort was 41,742 males who responded to
lifestyle questionnaire surveys carried out in
2008, and registered in the Radiation Dose
Registry as nuclear warkers by the end af
March 1999, and have Japanese nationality,
Total persan year was 215,000, and a number
of deaths for all cancers excluding leukaemia
was 878. We used Poisson regression to
quantify radiation relative risk (RR) at 100 mSw
against 0 mSv and compared with smoking
{pack-year (20 cigarettesidayxduration of
smoking years)), alcohol (Cumulative alcohel

intake (2 glasses of wineldayxduration of
drinking )), job category, job status, and years
of education.

Results

For all cancers excluding leukaemia, the RR at
100 mSv radiation was 0.96 (90%:C : 0.85,
1.08}, the AR of over 50 pack-years was 2.74
(2.24, 3.35), and the RR of aver 2 glasses of
winefday=B0 years was 1.30 (1.08, 1.55). Job
Gategory, job status, and years of education
also showed larger AR than radiation.

Gonclusion

These results provide the evidence that ifa
radiation risk exits, it is much smaller than
lifestyle or socio economic factors.

Funding

This study was funded by the Nuclear
Regulation Authority, Japan

AOCRPS
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Whether exposure to radiation at low dose and at low dose rate is related to leukemia mortality and morbidity remains
controversial. Cohort studies of nuclear workers chronically exposed to radiation at low dose and at low dose rate in their
workplaces provide an opportunity to directly evaluate the risks of leukemia in the lower dose ranges. Previous findings have
come mostly from Western countries, with few from Asian countries. The present study aimed to examine radiation’s effects
on mortality from leukemia, in a cohort of Japanese nuclear workers. The cohort consisted of 204,103 workers, who were
followed from 1991 to 2010, with a total of 2.89 million person-years. The mean age and mean cumulative dose at the age at
the end of follow-up were 55.6 years and 13.8 mSv. During the study, 209 leukemia deaths were observed. The linear excess
relative risk (ERR) for all types of leukemia was negative, but not significant (ERR/Sv =—0.54; 90% confidence interval;
—4.04, 2.96). Specific types of leukemia also showed no significant risks. A significant radiation-leukemia association for
mortality was not observed in this study of Japanese nuclear workers. The cohort, however, is still young. Further follow-
up is needed to obtain more reliable estimates of leukemia risks for Japanese workers exposed to low dose and low-dose rate

radiation.

KEY WORDS: low dose radiation, radiation risk, leukemia, cohort study, epidemiological study.

I INTRODUCTION

Leukemia is well known as the earliest manifestation of
the late effects of high-dose and high-dose-rate radiation
exposure among the survivors of the atomic bombs dropped
on Hiroshima and Nagasaki, Japan.!® However, whether
radiation exposure at low dose and at low dose rate is related
to leukemia mortality and morbidity remains controversial.
Studying cohorts of nuclear workers who have been
chronically exposed to radiation at low dose and at low dose
rate in their workplaces can provide direct evidence for
evaluating the risks of leukemia in the lower dose ranges,
rather than evaluating them by extrapolating from dose-
response findings in the higher dose range observed in the
atomic bomb survivor studies.

Many studies on the risk of leukemia among nuclear
workers exposed to low dose rate of radiation have been
published in North America and Europe. Some have shown a

*1 Institute of Radiation Epidemiology, Radiation Effects Association;
1-9-16 Maruishi Dai-ni Building 5F, Kajicho, Chiyoda-ku, Tokyo
101-0044, Japan.

*2 Tokyo Metropolitan University, 7-2-10 Higashi-Ogu, Arakawa-ku,
Tokyo 116-8551, Japan.

#  Comesponding author, E-mail: s_kudo@rea.orjp

positive association between radiation exposure and leukemia
mortality," and others have demonstrated no association,
partially because of the small number of leukemia cases
observed.!?V The recent International Nuclear Workers Study
(INWORKS) from France, the UK, and the USA showed
a significantly high risk of leukemia excluding chronic
lymphocytic leukemia and chronic myeloid leukemia similar
to that seen in atomic bomb survivors."*?

These findings were primarily based on nuclear workers in
Western countries. Few findings on radiation risk have been
obtained from Asian countries. Asian nuclear workers may
have different mortality and morbidity rates of leukemia than
do workers in the West,” due to different characteristics in
their lifestyle® or varying susceptibility to radiation exposure.

A Japanese EPIdemiological Study Of low-Dose radiation
Exposure among nuclear worker cohort (J-EPISODE) has been
conducted since 1990 by the Radiation Effects Association
(REA), with mortality follow-up. The study results have
already been published 2%

The aims of the present study were to obtain larger
statistical power by extension of follow-up period comparing
previous study and to provide excess relative risks (ERRs)
by subtype of leukemia for mortality among Japanese nuclear
workers exposed to low dose and low dose rate of radiation.
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II MATERIALS AND METHODS

The study protocol was based on the Ethical Guidelines
for Medical and Health Research Involving Human Subjects
established by Japan’s Ministry of Health, Labour and Welfare
and Ministry of Education, Culture, Sports, Science and
Technology. It was reviewed and approved by the Research
Ethics Committee of the REA. This work was fully funded by
Japan’s Nuclear Regulation Authority. The funder had no role
in the study’s design, data analysis, or data interpretation or in
the writing of this report. The authors indicated no conflicts of
interest.

1. Study population and mortality follow-up

Nuclear facilities in Japan include institutes of nuclear
energy research and development, nuclear fuel processing
plants, and nuclear power plants. Radiation workers at
nuclear facilities in Japan are registered at the Radiation Dose
Registration Center (RADREC) at the REA. The primary
framework of the study population and follow-up methods
of the J-EPISODE were described in detail in the previous
papers.**® The present study started in 1990 and was based
on records of approximately 204,000 workers who were
registered in the RADREC as of the end of March 1999 with
Japanese nationality. A follow-up with female workers was
also undertaken, but they were not included in the analysis
because they were too few in number (1,396 workers).

A mortality follow-up was carried out through the
subjects’ residence registration cards (RRCs) issued from the
municipality offices administering their home addresses. Any
deaths based on the record of obtaining a residential registry
were confirmed. The cause of death was determined by record
linkage with vital statistics death records approved for use
and provided by the Ministry of Health, Labour, and Welfare.
The causes of death could be identified in more than 99% of
the deceased by a record linkage with their date of birth, date
of death, sex, and municipality’® A process to guarantee an
opportunity of refuse to be included to the cohort through an
opt-out method was performed from 2007 to 2009. The opt-out
rate was approximately 7%. For those whose data we obtained
but who later refused participation, we stopped all follow-up
efforts and they were censored at the last day at which their
vital statuses were known.

Data analysis was based on the underlying cause of death
coded according to the International Classification of Diseases
(ICD) (9" revision®" was used for those whose year of death
was during 1991-1994, and 10* revision®? was used for those
whose year of death was from 1995 forward). Since only two
deaths were attributed to chronic lymphatic leukemia (CLL),
we did not calculate the risk estimation for CLL. The present
study considered the following categories of causes of death:
all types of leukemia (ICD9: 204-208, ICD10: C91-C95),
acute lymphatic leukemia (ALL) (ICD9: 204.0, 204.2, ICD10:
C91.0, C91.2), acute myeloid leukemia (AML) (ICD9: 205.0,
2052, ICD10: €92.0, C92.2, C92.4, C92.5), chronic myeloid
leukemia (CML) (ICD9: 205.1, ICD10: C92.1), and adult
T-cell leukemia (ATL) (ICD10: C91.5).
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2. Dosimetry

For this study, the individual recorded doses, including
photon, internal, and neutron doses, were used. The photon
doses were the exposure records of equivalent doses at a tissue
depth of 10 mm [HP (10) (mSv)] for all workers in nuclear
facilities who have been transferred to and registered in the
dose database at the RADREC. The internal exposure was
rare in Japan, but if they had been positively detected, they
were added to external doses. Neutron doses were restricted
among workers engaged in producing mixed oxide (MOX)
fuel. The production of MOX fuel to operate the experimental
fast breeder reactor was limited to a short term at one
specific section in institutes of nuclear energy research and
development. For individuals performing this work, there are
no records of estimated neutron exposure, but only records of
total amount of exposure due to nuclear work.

The annual radiation exposure for each worker was
calculated by adding the total from all facilities where workers
worked in a given year. Exposures below the detectable level
were set as 0 mSv in the present study.

The use of nuclear energy in Japan commenced in 1957.
Therefore, the dosimetry records of all workers back to 1957,
before the RADREC launched the registration in 1978, were
refrospectively provided to the RADREC by the respective
nuclear facilities that had stored the data. The present study
covers radiation dose records from 1957 to 2010.

3. Statistical analysis

Person-years of observation were calculated from the
date of entry (the latest date of April 1 of the first year of
engagement at radiation work, the date of 20 years of age, or
the date confirmed as alive by the RRC) until the date of exit
(the earliest date of the date of death, the date when the RRC
was issued in the most recent follow-up, or December 31,
2010). Therefore, the observation period differs by individual,
but they exist from 1991 to 2010. The mean follow-up period
for individuals was 14.2 years.

Poisson regression models were used to determine the
relationship between exposure dose and leukemia mortality,
based on stratified data cross-tabulated by calendar period (four
categories with cut points at 1995, 2000, and 2005), birth year
(12 generally five-year categories), attained age (14 five-year
categories for ages 20 through 99, and one category for ages
100 or greater), residence location (eight areas in Japan, from
north to south), and cumulative dose (14 categories by mSv
levels: 0,>0, 1-, 2-, 3—, 5-, 7.5-, 10—, 15—, 20—, 25—, S0-,
100, and 200+).

A minimum latent period of two years for any radiation
effects on leukemia was considered in the present analyses.
Cumulative exposures at risk were time-dependent, calculated
by adding two yearlagged exposures from the first year of
engagement in radiation work.

The risk of leukemia due to radiation exposure was
evaluated using the excess relative risk (ERR) model:

Ay (e, b, a,r) (1+ fd) m

where fd is a linear dose response with cumulative dose
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d, and 1, (¢, b, a, r) represents the background death rate
of leukemia stratified by calendar period (c), birth year (),
attained age («), and residence location (7). Since many cases
showed no convergence for the likelihood confidence interval
(CI), we unified CI to Wald based. We also evaluated ERRs by
each dose category by using the model as follows:

Agle, b a,r) (1+pd) @

where ; is a dose category (the lowest dose category is set
as reference). Stratification by duration of employment was
examined for sensitivity analysis as follows:

Ay (e, by a, v, du) (1+fd) 3
where du is a category of duration of employment (8
categories: < 2, 2—, 3— 5— 7.5, 10—, 15—, 20+).
Cross-tabulation and model fitting were performed using
the Epicure statistical package®
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III RESULTS

The characteristics of Japanese nuclear workers” cohort are
shown in Table 1. The mean age was 55.6 years and the mean
cumulative dose was 13.8 mSv at the end of follow-up.

Figure 1 shows the distribution of the cumulative dose at
the end of follow-up. Two thirds of the workers had <5 mSv
of cumulative dose. Only 3% of the workers had a cumulative
dose of = 100 mSv.

Table 2 describes the distribution of deaths due to leukemia,
mean dose and person-years by dose category, birth year,
attained age, calendar period, and geographic regions among
Japanese nuclear workers. There were more than 100 deceased
for all types of leukemia and AML, but for ALL, CML, and
ATL, there were around 20 deceased. Two thirds of person-
years were accounted for under 5 mSv. The mean dose and
person-years varied among geographic regions.

Table 3 shows the ERRs/Sv and 90% CIs based on Wald

Table1 Characteristics of Japanese nuclear workers.

Follow-up period 1991-2010
Number of subjects 204,103
Person-years (million) 2.89
Year of first radiation exposure Mean 1985.4
Median (IQR) 1985 (1980-1992)
Age at first radiation exposure Mean 31.7
Median (IQR) 29 (22-40)
Age at the end of follow-up Mean 55.6
Median (IQR) 56 (45-65)
Duration of employment (years) Mean 8.1
Median (IQR) 1(1-12)
Cumulative dose at the end of follow-up (mSv) Mean 13.8
Median (IQR) 1.0 (0-10.7)
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- N=204,103
5 50,000
el
S 40,000
oy AY
=}
g
& 30,000 -
=
=
Z 20,000 1+
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Fig.1 Cumulative dose at the end of follow-up (mSv).
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Table 2 Distribution of deaths due to leukemia, mean dose and person-years by dose category, birth year,

attained age, calendar period, and geographic regions among Japanese nuclear workers.

Leukemia Mean dose Person-years
All types  ALL AML CML ATL (mSv) (10* years)
Total 209 19 119 21 21 288.9
Doge category (mSv)
0 A 8 38 11 S 00 892
=0 58 5 36 3 6 14 100.2
D= 26 2 16 1 2 1E2 2579
10— 15 2 9 0 3 144 265
20— 26 2 12 3 4 317 27.0
50— 8 0 6 0 1 70.0 128
100+ ) 0 2 3 0 1573 7.5
Birth year
<1930 30 3 15 6 1 10.8 1.8
1930- 71 2 39 6 9 13.0 374
1940 53 F 29 g 6 144 68.9
1950— 34 3 20 3 5 15.4 78.0
1960+ 21 4 16 1 0 9.0 027
Attained age
20-29 4 0 4 0 0 Sl 16.3
30-39 10 3 7 0 0 9.6 597
4049 28 8, 15 2 4 14.1 754
50-59 50 6 27 6 3 14.8 22
60-69 60 2 33 6 11 13.6 46.0
70+ 57 3 33 7 3 115 192
Calendar period
<2000 B 10 21 7 6 132 028
2000— 60 4 37 5 8 11.4 933
2005+ 26 5 61 9 7 132 1028
Geographic regions
Hokkaido, Tohoku 40 3 26 6 1 208 517
Kanto 71 7 43 11 5 8.0 100.6
Hokuriku 16 2 5 b 0 17.0 280
Chubu 16 2 10 1 1 11.4 194
Kinki 26 3 15 0 3 142 382
Chugoku 11 0 8 1 2 9.4 178
Shikoku 6 0 1 0 3 8.1 8.0
Kyushu 23 2 11 0 6 11.5 251

Some categories are combined for clarification purpose.

Table 3 ERRs/Sv and 90% CIs based on Wald by the type
of leukemia among Japanese nuclear workers.
Observed

Type of leukemia desths ERR/Sv 90%CT*

All types 200 054 (-4.04,2.96)
Acute lymphatic leukemia 19 2,08 (-11.92,7.76)
Acute myeloid leukemia 119 -0.83 (-5.28,3.61)
Chronic myeloid leukemia 2L 9.70  (-10.49, 29.89)
Adult T-cell leukemia 21 5.20 (-13.05,23.45)

a: Wald-based CL
b: Last estimate is denoted because the ERR did not converge.

! Numbers in parenthesis represent the 90% CI.
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by the type of leukemia. All types of leukemia ALL, AML,
CML, and ATL did not show significantly high ERRs/Sv. The
ERR/Sv for all types of leukemia was —0.54 (—4.04, 2.96)".
Since only two deaths were attributed to CLL, the ERR/Sv for
leukemia excluding CLL was completely identical to ERR/
Sv for all types of leukemia. The ERR/Sv for ALL did not
converge, and the ERR/Sv which described in Table 3 was
the last estimate. Thus, this value includes some uncertainty.
Figure 2 shows the ERRs/Sv and 90% CIs for the dose-
response and ERRs with 90% Cls by each dose category. No
monotonous increasing trend of ERRs were not seen in all
causes of death which were analyzed in present study. Wide
ClIs were shown in ALL, CML, and ATL due to small number
of death.

Sensitivity analyses were performed under zero-year, five-
year, and 10-year lag assumptions for all types of leukemia.
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Fig. 2 The ERRs/Sv and 90% CIs for the dose-response and ERRs with 90% CIs by each dose category by type of leukemia.
The lowest dose category was set as reference. The left panel shows the results based on all dose ranges and the right panel
shows the results based on under 30 mSv.
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The ERRs/Sv were —0.66 (~4.01, 2.69), ~0.08 (~3.96, 3.80),
and 0.73 (-3.92, 5.37) for zero-year, five-year, and 10-year lag
years, respectively. The ERRs were higher for longer lag years.
However, these values were not significant. Some radiation
epidemiology studies have used stratification by the duration
of employment to allow for a possible healthy worker survivor
effect (HWSE).® I 15 1% 2 When the duration of employment
was added as an adjustment valuable, it showed little impact
on the ERRs/Sv for all types of leukemia, ALL, and AML.
The ERRs/Sv were from —0.54 (—4.04, 2.96) to —0.56 (—4.45,
3.33), from ~2.08 (~11.92, 7.76) to ~2.04 (~10.06, 5.99) (both
of them were last estimates), and from —0.83 (-5.28, 3.61) to
—1.03 (-5.63, 3.58) for all types of leukemia, ALL, and AML,
respectively. However, the ERRs/Sv for CML and ATL were
changed largely. The ERRs/Sv were from 9.70 (—10.49, 29.89)
to 32.61 (-27.95, 93.17) and from 5.20 (-13.05, 23.45) to
—2.09 (—11.49, 7.30), respectively. To restrict routine nuclear
workers, we excluded workers who had only one-year dose
record. Among 150,830 workers, there were 146 leukemia
deaths, resulting in an ERR/Sv —0.42 (=4.05, 3.20) for all types
of leukemia.

We attemnpted to fit pure quadratic model and linear
quadratic model; however, only the pure quadratic model for
CML could converge (data not shown) and remaining cases
could not converge.

IV DISCUSSION

1. All types of leukemia

Many studies have reported significantly high ERRs for all
types of leukemia or leukemia excluding CLL,'** while some
studies have reported non-significant ERRs.”*) The ERR/Sv
for all types of leukemia of the present study was negative and
not significant (ERR/Sv = —0.54 (=4.04, 2.96)). Our previous
studies also described non-significant ERRs.2%% % [wagart
et al. reported that the ERR/Sv for leukemia was 0.01 (—10.0,
10.0),* AxiBa and Mizuno have reported that the ERR/Sv for
leukemia was —1.93 (—6.12, 8.57), and Kupo et al. found that
the ERRs/Sv for leukemia excluding CLL were —0.27 (—4.07,
3.52)" and -1.95 (-5.80, 1.89)*) Present study showed
natrower CL

Leukemia is a rare disease. Therefore, almost all studies
suffered from an insufficient statistical power. To solve this
problem, Daners et al. conducted a meta-analysis of leukemia
and estimated significantly high integrated ERR at 100 mGy
of 0.19 (95% CI: 0.07, 0.32).*% However, the adjustment for
confounding factors is generally restricted in meta-analyses of
observational studies, and the study is not an exceptional case,
as the authors stated smoking and concomitant leukemogen
exposures were not accounted for.

2. Acute lymphatic leukemia (ALL)

A cause of ALL is unknown. LSS studies® * showed
significantly high ERR/Sv for ALL, while INWORKS?Y
showed no significance. The ERR/Sv for ALL did not
converge in the present study. The last estimate was —2.08
(—11.92, 7.76), but it includes some uncertainty.

67

151

3. Acute myeloid leukemia (AML)

It is reported that secondary AML was caused by prior
exposure to cytotoxic therapy and/or radiotherapy for a
malignancy.”” Therefore, it is possible that radiation is a
leukemogen of AML. LSS ¥ studies showed significantly
high ERR/Sv for AML, while INWORKS," the study among
French worker cohort,'” Canadian worker cohort,'” and the
15-country study'® showed no significance. The ERR/Sv for
AML of the present study was negative and not significant
(ERR/Sv =-0.83 (-5.28, 3.61)). Benzene is an established
myeloid leukemogen.®® * We administered a lifestyle
questionnaire survey from 1997°% and 2003 to a sample
of worker and obtained information on the occupational
history of benzene. However, there were no deceased with
an occupational history of benzene, so we could not discuss
benzene’s effect.

4. Chronic myeloid leukemia (CML)

CML is a stem cell disorder characterized by the occurrence
of the Philadelphia chromosome, which is due to reciprocal
translocation between q arm 34 region of 9th chromosome
and q arm 11 region of 22nd chromosome.* *? 1,38 studies '
and INWORKS® showed significantly high ERR/Sv for
CML, while the study among French worker cohort'? and the
15-country study ' showed no significance. The ERR/Sv for
CML of the present study was positive but not significant with
a wide CI due to the small number of deaths (21 observed
deaths; ERR/Sv = 9.70 (~10.49, 29.89)).

5. Adult T-cell leukemia (ATL)

ATL is caused by human T-cell leukemia virus type I
(HTLV-1) infection and often occurs in HTLV-1l-endemic
areas, such as the Caribbean islands, Central and South
America, Intertropical Africa, Middle East, and southwestern
Japan*? Therefore, the analyses of ATL are quite limited.
LSS study have reported non-significant ERR/Sv for ATL
both mortality (ERR/Sv =-0.2 (Not determined, 1.78))" and
incidence (ERR/Sv=0.05 (-0.51, 1.54)).” The ERR/Sv for
ATL of the present study was positive but not significant with
a wide CI due to the small number of deaths (21 observed
deaths; ERR/Sv = 5.20 (~13.05, 23.45)).

6. Limitation

The main limitation of the present study was the limited
statistical power. The total number of observed deaths by
all types of leukemia was 209. This is less than LSS? (310)
or INWORKS® (531). In particular, the numbers of deaths
caused by CML, ALL, and ATL were very small. One reason
was that this cohort was young: the mean age at the end of
follow-up was 55.6. The fitting failure of quadratic terms
might be caused by the small number of observed deaths. For
this reason, we could not discuss dose-response linearity.

Another limitation was that adjusting for confounding
factors might be insufficient. In our previous studies, we
demonstrated that smoking was a considerable confounding
factor to evaluate radiation risk.??? However, the workers
who have smoking information were a sample of the present



152

cohort, and when we adjusted for smoking among the sample
of workers, the ERR/Sv for leukemia excluding CLL did not
converge.”

V. CONCLUSION

We estimated the ERRs/Sv for leukemia by subtype and
found no statistically significant ERRs/Sv. Sensitivity analyses
also showed no risk. However, we realize the present study
had insufficient statistical power. Adjusting for leukemogen
also might have been inadequate. To solve these problem, a
new lifestyle questionnaire survey is now underway and has
collected more than 60,000 replies so far.
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Reconstruction of Organ Dose for Japanese Epidemiological Study
on Low-Dose Radiation Effects (J-EPISODE)

SUMMARY
The Expert Committee set up in the Radiation Effects Association during 2017-18
compiled the report on Reconstruction of Organ Dose for Japanese Epidemiological
Study on Low-Dose Radiation Effects (J-EPISODE), which has been conducted since
1991 and analyzed health effects in association with radiation exposure evaluated in
H,(10).
The reconstruction method of organ dose principally followed the approach adopted in
the 15-Country Collaborative Study organized by TARC. Under combinations of a
specific photon energy and a specific geometry, dosimeter response coefficients between
readings and air kerma for each dosimeter type, as well as conversion coefficients from
air kerma to organ dose were estimated, then considering average distribution of energy
and geometry of photon exposure in nuclear facilities, conversion coefficients from
readings to organ dose were estimated by using weighted mean.
However, the method was modified as follows, considering usage practice of dosimeter
types in Japan and their features as well as body size of Japanese.
Despite the framework of IARC study which adopted Hy(10) as the common quantity
due to the necessity for dealing with many types of dose concepts in old days, the report
simplified the framework by using air kerma as common quantity, because Japan was a
late comer in nuclear industry, started with the concept of exposure dose.
Dosimeter response data of recently used personal dosimeters in Japan; glass badge
(GB), electronic personal dosimeter (EPD) and optically stimulated luminescence (OSL)
dosimeter were acquired by experimenting at the Japan Atomic Energy Agency
laboratories, while those for film badge (FB) and thermoluminescence dosimeter (TLD)
referred IARC study data and were converted to dosimeter response over air kerma.
The assumptions of distribution of energy and geometry of photon exposure adopted in
IARC study were confirmed to be applicable for Japanese nuclear workers by referring
the preceding studies on the distribution of photon energy and geometry at Japanese
nuclear facilities conducted in 1980’s.
Conversion coefficients from air kerma to organ dose were developed for Japanese adult
male voxel phantom based on ICRP Publ. 110, revealing small differences from
RCP-AM, the reference adult male phantom modeled on Caucasoid.

Combining the above results, conversion coefficients from dosimeter readings to organ
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dose by radiation work engagement facility, year and organ/tissue were compiled, which
will be used for reconstructing organ dose and applied for risk analysis on cancer

morbidity and mortality.

This work was funded by the Nuclear Regulation Authority of the Japanese

government.
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BENIABBIR 7 7o FAIZEE L, 250 3 LXF—4#i (100-300 keV. #Fiz 118
keV 3 L1 208 keV, B LT, 300-3000 keV., #5iZ 662keV), 72 HWNI, 32D YA
A LY (AP, ROT B XWISO) THE L7,

(FBRERT L AR 2R BR OFEHIT Thierry(2002)[18] % £,

MREGH L AR AL, BREG TR & 47z (assessed) Hp(10)a & 5t S 417z (delivered)
Hp(10)a & D& LTEFE Lz, 22K —~ & Hp(10)a DM O RLRE A 3% E LT,
118 keV 8 L 208 keV @D L AR A#ERIE, 100-300 keV &iPHIZ I W THIELLS 775
AR E D 25% B LN 5% % D HRETHH LIEL THIK LTz,

FEROEIT, BT R XTI HE R OFREIR K O FfE (identification) 35 L URRZE D E
i b (quantification)|Z /717 T, FEH TN 5,

RAERR ORFEIL, @R F BRI LT MEESOBIT < S, Bl
ERN, WIEEEB L OEHEEFICOVTRNTNDS, RWT, Z O U BRIRIC
B L T AR L W 1 R (<100 ke V), 8 = L F— Y 7 Hid#R (>3000 ke V),
PR IE S . IR ORI S\ TR T\ 5, 7238, £ O OTEEE O i #ij
B RENIHIE L LI ATRENED & 2 1EFH 13 EHRE F M 0 DIEbRS STz,

18T AR X =N BRI BT D EESG OB < SOV T, NPP 23 sk O 63% %
EOTNDE, MA k0 BB HBEZIEDT-DO T, NPP O%E MR EIT LAY/ S WE|



HEED T, KESOHIEL< I, 100-3000 keV #iPHO Y105 T, LSt o =
FIL X —#i[H (<100 keV F X 1U>3000 keV) DI 1-#11E < 13 10% A1 T - 7=,
FREEHIFICOWT, T REHEEOZDICHH S &iHEZ, FB & TLD T&
ST, B E TR EF ORG L 2 b Lz, W1 7 ¢ L& 7 L& (bare film)
1%, FFIT 100 keV Ao O F =R F—(1TkF L THYICE KRRV AR A 2R LT,
1960 FRDZE/2 7 4 V2 B b D% HE T FBBMER S, LV IAHHO =R /L¥F —
DR FRREOHEF 2 FIHEE Lz, 1970 4725 TLD NAEHE D L 91t/ v
BRLELLTWHDHDIELIF R—Z2ThHh- 12,

KT DT _NCOMEFH (£FFFBBLOTLD) BIRHZ R ALX—BLOVA A Y
WL CEETEALALV AR AZRLTWDS, MEBFH LV AR RCETE T ¥ 4l
72X, VEERIZW L OO EFIDMERA S5 72 H1F, R—HEEICET 2R ENS
IIMNLTHD LIET DOREENTH D, HE— L AR ZAGHIZB VTR E i
B RIFTREREIL. Z<OMY LEFHIMEDO AR TH Y | xEEEIT S, £
FRRAIIHE TR,

WIESEBIZE L, BFES itk O i S -l E R R 1L, AR & (exposure), 22
SR IUHRE E(dose in air), KWKULHE FE(dose in water), FEARVIER F(dose in tissue) £
Tl AR E Y & Hy(QOICB L TRIES N TE 72 2 L2z €. RIEWCER T 5 it
FRIRR KO EOEBH HIEE BB T H20ENRH 5,

EHEBICBE L, MEFtOEEMEIL. —HMEICMHT 200 2 REBTH o 7223, »
FH b Hp(10) DU e HEGHE 2 52 2 &Hllr L7z, #REst oM H BB AR & 2 5o gk
T DN — I DNWT, —EEE O HBIMEA &2 - 7l 2 BR< & 2 ORMEI
NS ST L7,

BT R =W T IR D O EBERAE O ERALICB L T, B DN HEER, £ 0
MER X OGEBRE~DRE L £ L 7= (Table 1) (7 : £ITEMs, Table 4 ZRE LT
FER), ZHDZEIRRE T 2EIFIE B I, e ERA ORENE /A 7 AR
2, FERABREHETAB I OEHO XA 7(NPP BLOMA) Z L ICiHE S,

[H R B CHIE « ik S o fiEz Hy(LO)ICHE T 5 720 O FAREKS Table 2 (1
RENTe, %F T FBBIOTLD i, EEMT LI Y XA, BIEABIEICR Uiz
PR F 2T LT D DT, BREDETI A T A2 LT 220,
HALOBBOBH, IR OBIE L O 10%FR A 5-3 5 % EEL O #R 2 FHAE LS
B DNEPNTIEARN IR ETH D,

WIESEBIZBET 2310 7 A & A S OFEMI Table 3 128 Sz,
WFFESNREERZ 31T 2 SCREA 72 < SRR ORISR LT MK OHEFHIE A Table 4
(R 241 12HEF) 1TrnEn7z, ROT VA A R CTORIXITBMEATZ D EE 2=,
PEL =R F =B LA A MU BIBRERT L AR 2 OFHEFERICBEI LT, Bk
41TRENTZ, (Thierry(2002)[18] ™ Table 3 (5% 2.3.8 (Z#5#0) & [FIkE, )



FREWPENA T ABLORENSICEAL T, =X —LUF A MY OEAERNC,
VAR AHEEME EMEOFIG, 7B OND, AHEDE 3 Table 5 IR STz,
WNTC, g E (REEH. 53 L OISR LT, 2K 1 & RHEH S 23 Table 6
RSNz,

BRI, Mgk, FRBINC, RIEEBEL X OEERIE < KRBT A MERt L AR
ADISA T ARG S, Hp(10)36 K OYisigsft &2 L T Table 7 IR Sz, Z4uh
DR T % AT, FERFLEGRE 2 IR R I H 92 72 0 OBBLREDMER S v,

EZREOBETIE, WIE KM DBEH L AR RO T, 15 B [E LRI
100 Dk CFEhE S 7=3, fl x4 Oftigk DT < FfF 2735 Z S IFARFAIRE T, FEI
DI OREEMRR TO TSR, TR O MisRIZ 31T 2 FHANS b L OWEIE < FE
IS TN LR RTN D,

MA 1235V T, 100-300 keV #iJH O 7 EEIE DX RIS @V 2 &, #IE < AR D
SHEMER S LT D, NPP O /L= 1-1F, 137Cs F 7213 60Co 725 D AKE
+ &) & ORI EAERIC XD Ot R (secondary photon radiation)(Z i3
Al

KR ZRBIELS A A M UL, fAFEOX A FicKESBEE L, HRHMEO RN S 1T K
T, WELS VA A Y O AR LN T DB NFIE TH D,

TS Miis CHEM S - KEHEOMEFITZFE T FB £721X TLD T, X THTX
JL X —HiPH(100-3000 ke V) CEHH T X H L AR U AREEZ © > T D,

BT AN =K HIHHRONA T ABL RN S EEE LT, SHEES OFRFLH
MEITIEINTZZ L ZHUT X o CREHEEEDE & gk O] THERE & 2o 7
Z & I & BERR IR 7R I E DR S OHEFHES Rt CE 52 L. LAl
FERTIC B W TR EHEFHMEDO RN ST BE SN R -T2 2 &L BTV D,
KX —HTH D VITHFET D KREOBREBEEZWIEL L aTREMEOH RS 1T,
7T v T RSLCEEE TR BRI LT,

FEERDE TIL, MENIERAENIE TS T AB L ORHEN S 2 EB(LT 5 HiEx B
L7222 &, 100-3000 keV Yt 7 fithd SRR S 2N 298 Tl FH C& 2 0 7k & IEmelE
THESNTE L, EFBITB LU R 7D -0, 26 PMER SR E 2
FEES D DI Sfz IR TWn 5,



1.5 BAROHBEBREBIESEE DR

AARDFE T I EEITNCKIZLERTHRBETH 5, 15 HIEILRIFTEOB ML 1943-
2000 4E[4], INWORKS OB £ 1% 1944-2005 4E[7] & 45 RKERH 2 & e
BaBa LT 52, AR TR ORBES#ER 1T 1957 £ & HEUEFEE VY, TARC i
TiX, HNC 7 o v &7 L, DHWET 4 V208 1-2{8O FB M S 41, K= rL¥
—IECHENA T ANRKED ST ENRE IR E I > Tz, AARTIE, Yo
WFFERRFE B Tl —E6, TARC DA FB ITAH Y T 2 MEFEAEH STV in, 7k
< & HRHFEENBLE ST EH# D 1968 FFLIEIL, £ 1 FB £7213 TLD 23 FEik T
bole, 207, BATIZIHX FBIZ X AWE A T ADREIFRCKIE STk E <
rNWEEZ LD,

TR ZEBIEEE D EET D & LCiE, BADTHE TIZNPP A KL TH D7,
RICK DFRADAFFERI LML, AFTEHERE . A ean B 6 B % 23 FH et i 2\, B
AR TiE., J-EPISODE xt5:5##9 20 7 A 5 H NPP CREFRERO b 2 7% 8 Flifia 5
DT[], — 5 TARC15 7 [EHL[FAFZE Tlx, NPP Ofiak3H1 513 63% Th o 7203,
MA 1 A LR 7= O TR EHI G IL LRI SWEIE 2 HDTuniz(2l,

H A D NPP D147 XUl /KB F (BWR) & MEAR R A (PWR) A EARTH 5,
L7273 o T EEHIE < BRI E S 13 60Co, A H1 (X BWR D456 60Co & 16N,
PWR D454 60Co Th %, THEFITERPHAARHIEIR B 3 Y —~A A =X THHT 5%
ZEEH LN EAREFTHI L DIEMITRERARMG ThH o7z, £z, REHIE<
FFEHELZRNTR) -T2, L7ed > T, NPP O#E < SEITIOLFANTRIE < oA T
boHEEZLND,

NPP LAt iz (MA) (1%, #FZEEI RS & NPP O#REHERLEVEZE O 7= 8 OREHIN
THig R 55, FKIZ ﬁ%hé&ﬁ%@@m X720, WFZEBR ISR CH) O BRI, #
FEITEEZ ThH DD, FHETHIE S OATFEVENR H D DIT, FFE Dftisk O R E ORI
HILD, THIZOWTIE, KNI < Dl Mﬁ%%%a%k?é$@ﬂ%
DA TITARWAS, T8k THEBEEBIEEE O PPN < FTRetE 2 B8 L2
AFETEY AT | TRk 5,
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1.1 AAOHEBEER BT 2 80E PO

SR - RS

Jit 53¢ 5 O FEFA BIE < O EE

SRR <

JR 1158 JEHL P fHE L7- 60Co (BWR, PWR & %) & %5\ T 16N (BWR
A D I2) D> B D 1 = R )L — I 103 T R
o HRPETANER L < 1R HE PR AR T

EWIRE | Bk L7-60Co (BWR, PWR & %) OFEMH S DT

H 73 R
WFITBRA%E - B | MOX #% Ja—7Ry 7 AEEIZB W THMEFAERIRIE K O REE
BT BHET | MERBH -7
=
% D1 WFRIIER 2 TH DY, HFETAN0E < O RTBEMEIL 22 o
7=
PR HRIE <

FMEZRNTIZ LA E R ST

(7F) N  Ho <o rLx¥—6.1 MeVEBLN7.1 MeV, - 7.1 7

60Co Hr~HT RN F—1.17MeV LN 1.33 MeV. i 5.3 4E

1.6 FEEMREN SRR E~DBEREOEE

o MBSO YmoEMIX, J-EPISODE D% V Hif#Zhr(1991-2010 4) [11IH 7= 1957 -
2010 A= FE{E A B FREER i 3 2 gasi B AR B A Bk T2 2 & Th D,
BERE c (site, year, tissue)  (HZ: Gy/Sv)
ZZT.
st site FCHHRERICHEE L2 Otisk (V4 F) =2— K, K50
y: year fFFE 1957-2010
t: tissue Mgy « AR O

® Jigas - MRkORIE L LCix, 5BV HIMEHT OFHEIEAE & ORI T, EMEBTAEYEIEO 11
fidids « FERkIS J OFEFT AEYIR BB O 2 i & T 5,

CEME B A BEEE] 5 (colon), R E#(red bone marrow), & (oesophagus), &
(stomach wall), fFlg(liver)., AHZE(gallbladder). Mfi(spleen). ffilung). A ZAR

Ct

11




(prostate). [ERt(urinary bladder wall), #figi(kidney)
e AWy yE B BE] fid(brain), LM(heart)

® RADREC IZEFK I TV D BURRREB IS LR gk (LR T A~ ) RS, ),
R EABFLERRRE & ERRRBELREE VT X IC K AR, B AR U
W r HERtT 5,

SLERFRE d(site, year, indiv)  (HAfiZ: Sv)
ZZ T,
indiv: individual & A

lges = & DEE, FEARBSRNRE (A Gy)

organ dose(year, indiv, tissue) =Xsite d(site, year, indiv) X c(site, year, tissue)

® /23, RADREC 7 bzl S 417z 1989 4 3 H LARITD rem B DM ET —Z (L, 18v=
100rem & L CEHIN TN,

® VA NOFETHEEEITMHFEHRSE & LT, EHZNOUM 2R3, A O
FRAE K ek TR IS L2 ORI < #i % RADREC [CEHIHET 5, H 5 1H
ADEEDOY A N CTHERES IR L= HA1E o1 h2>5 RADREC IS &
BERISNDHDOT, A b T L OREFREZ IR RICHE L2 BT, MARMICAHR
21T 9,

1.7 X F OB EM SR L OREFEDEE

® Eizs it B RREIRE ORI & LT, S O EESOR EIE HA IOV T 50 4
LJ\J:%)@EE;HE/]UA{L%M: IZELS LER D D,

® [AARDLGHIX, MEFTOHIER - BiZL, ENE. MHaais L OBEIZ- OV T, 1989 4F
k2m1$%ﬁ LTE12DE I ICHMA 3Ry I D,

® 19894 3 H E Tik, MAMEF O EYHE I TSR E (BA: Lo M7 R) T,
S EoOBEITHREYE (BALrem) ThoTz,

o EREMEOM &L EA LZICRP 1977 4£#5 (Publ. 26)[201 D& % 5 &4 0 iAte &
iz, [EEEHALR ST ~DOU) 0 B2 2 XD 72012, 1988 4 ST EBS 152 e E &
. S EOBEIT lem SEME L SN2, 2. ZHICHEOREFHORIETES D

12



HIE& iz,

® ICRP 1990 &) (Publ. 60)[2111%, iz IS BN EAR S & T i & 2 E 5%
L e bz, ERNEREE MR Lc, DBETIEZZ ONEFEZ I AT 7= U BRI
ELE (35 2001 4 4 A 2 BHEIT X7z, ZHUTFEROREFH O IE FIE% L E ST,

® REHAOHRICZEIL T, 1989 FLIRTORERIREIL, 155 RIFfEY E(dose
equivalent) 7 rem) T - 7278, EH _HITREFHERE TH 2 A BREGEN. R) O
WAL Z L L &Nz,

(1) AMZER(free air) 7 O vy ROFBRIBF G/ S oWk 2 B 72546, REHRE XR) &
Y R H (rem) & OBITIZROBURARL Y 2o, BEEEHICHE B LIZBEHRE L =
FIV X — % FTHARRIL AR B Drad) DEICIE D=0.96X OERNH 5, —F . AMEICHT 5
TR DR, W2V L < TH B MORE, =XV F—FZ L > TR DD T,
BIE < BE T X CORMERRCKT L CHE O RE TR 2 720 O & H (rem) 1L, 7
B QEMWTH=QD L EH£END, 22T, yXOFBIELTIZQ=1ThH b, LM
ST, BREYE L B EOMRIZ H=0.96X TH 5D T, EMAAIZ IR=1rem & LT, #K
AR 2 AR EOHAL (R) MR EM B O HAL(rem) & 5t 2 C, HHHREG#I24%
HMEYBEOEIMN AT T,

® 1988 4FELIANIE., MEDERD . MAREHOKES HHERF TiTbhiz, EH&E%
EFTH7 7 bk LT, 1989 LRI ICRU R 7 7 > b AH WS, 2001 4
PIBEIZICRU A7 7 7 7 > h ARHW LT,
ek, BABMEFOKIEIZHWD 7 7 > M AIE, 1989 FLARRILT 7 U VAR T 7 >
A, F7, 2001 FLBRIIAKERIOK T 7> N A TH - T,

® [EFRENIR SI ~DUI 0z IZFE  rem 1 Sv ICE T X4, 100rem=1Sv & 72 o7~

o ICs W IEHAMIR L T 5854, BEHRE (R) & H(Q0)DHESREIL, TARC I
XA E, 1.06(102Sv/R)TH 5,

(1) FREHRED B KN —~ ~OHRREIL, JIS Z4511 (2005)[22] DA 3 12k % &
0.01-1.0 MeV O#ifT 8.76 mGy/R TH VY, ZIUIZER N —~1 D Hp(10)~DHFELREKL
1.21 Sv/IGy U5 &, BEBRED Hy(10)~DO#FFEE 1.06 102 Sv /R B™MEH5N 5,
725, JIS Z4511 12 ICRU Report 47 (1992)[23]127~ S 7= M IEAR S 1-g DB ZILICHRE L
Tn5,

13



# 1.2 AARIZBT 26 FREMESEDLE

HITH 1988 4= LLRI 1989 (°Fpkot) LAk 2001 (Fpk 13) #ELARE

YEHL L 7= ICRP | 1959 4E#)45 (Publ. 6) 1977 42 (Publ. 26) 1990 “F-£h45 (Publ. 60)
& [19]%% [20] [21]

B EoRE FREY E(rem) FEAhtR 4 A (Sv) F5ht E(Sv)

FH = - (EHAMREIZBIT 5) lem #rEY & (Sv)

VBN PR E(R) Fluence % 7-1% Air kerma(Gy)

EHEE EH Free air ICRUEKZ 7> k& ICRUAT 777 XA

577 hA (A% E) (A% E)

BaRLR %R — HAL 7 Lm s A0 22K —~4 7= 0 Hy(10)

lem #REY & (Publ. 74 # A24) [9]
(Publ. 51 % 6) [17]
5 3285 L. Free air T IVNRT 7 A KR DKT 7 > b A

AN EFHOKIE
WCHWA 7 7 v
A

14




1.8 MEFHEIZET 554 7 26
o [AXMRERZ A

1950 R E A SN IBRES (T d e LHDWE7 4 V% —>0D FB)
%, K 1.3 DX 912, 100 keV Rii DIRT R/LF—I T, KRR VAR AER LT,
IARC15 # [EF:[FIFFFE° INWORKS % Cid, IR EH R ROGSBENH L L. £
7o, BZICERBRFSBIEfE R Tl 241Am AR & 35 59.5 keV H L~ BROINTHIEL B3 H S
Z LM BRROEAL R,
AXBREFHOFEAYMOBENEATIE, ZhiEdbE B2 EEbh D,

«) -
—— Open
A
—o— Ca+SniPb|
@
e
a
>
o
o
S
[=]
1000
Energy (keV)
FIG. 1. Response of the Kodak type I dosimeter: bare film, under
aluminum filter (to remove B-particle response) and under heavy filtration
(to flatten the proton energy response). Adapted from ref. (27).

EEHPT : TARC i (2]
1.3 =R F—jlfREGR L AR A (IHAFB #rEsEh)

® {EHAMEF DT RX—FeE

A A Tl — IR IE AR ICIE 137Cs (662keV) % VN, AP BE OBA . MEFHERE
(Sv) & BT o~ #5(Gy) & DRI Hp(10)/Ka = 1.21 Sv/IGy L7250 L 9 ITIER{T-> T
W5 (1E:1IS04037-3 Tl 1.21 Sv/Gy. JIS Z4511 (2005)[22] D> @ E 1 £ 1 Ti% 1.213
SviGy & &N TWD), BlxIE, ZEVRMREFH O EIX, KA T 70 A TS L7
NAREFF OIS BTG T DR ESRRMEIC — E DRSS A T U C HQ0)ISH ST 5 2 £oR
THEIICLTWD, 2FV, ZRLF—662keV D HICBWTKIEEZ{T> T\ 5,
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Hp(10)/Ka Air kermamM HHp(10)~DIRE FZ 2K
(Sv/Gy)
2

1.8
1.6
1.4

12 e s

1
0.8

0.6

MeV

R AT - ICRP Publ. 74 % A.24 [9]
X 1.4 = /LXF—=R2eK 0 —~ 75 Hp(10) ~DHF AR5

—F, BRI —=0 b H(Q0O)~OMBEFEIT, M 1.4 DX 512, 1.5 MeV Bl ETIEEE
77 R ThDHD, 1.5MeV K ClIE= R A F—0N/NSLRDIFEENPREL D,
0.08 MeV fHETE—2 L7220 FOMEDN/NS LD L NI H—TERLTND,

HNREFF O =X LF—RtE, T72bb, BMEF VARV ADTZRVF—RIH—TH,
W”ﬁ~vﬂ%HN@m@@%H@@ﬁ T LT THNE, FOTRLX—HETKIER

[THTHLNA T RAEALZ2, LL, 20— LT TnbdE, EOZRLF—
SUTCTRIET 22 Lo GRS 7T AREC L AHEER S 5,

R E LT, D3 F—fHK CREMIZ 0% OTNNELTH, JIS 72 & CFF
KREINHBOHHENTHNIE, TOFEFEHT2ON@EHFOEETHD,

Bz X, JIS Z4314 (2002) 6T 7 ARREFHEERE | 128D &, =R X —Fptk DFFE
HiPHIZ£30% (25 keV, 45 keV, 80 keV, 120 keV @ X fit35 LN 137Cs, 60Co D A >~ i)
ERLE ST 5 [24],

® {EH AKRERTD I MR

B I, o< O ANFAER, Ef )5 60°HV T 5 . RN B D8 A
%ﬂ@&%ﬁﬂ%?é7wzyxﬂmLf%ofﬁhmmmﬁg®m%®ﬁgHgmﬁm)
1%, AP IS O 54 0 Hp(10, 0°) (2B AN TOWREN KX W(ICRP Publ. 74 & A24 &
&)

o
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AP |

60°
®EH @
Body MV H(10, 60°) [ Hy(10, 0%)
20mm.—~ 0.1 0.834
T REmEX o 22
£ S D
Hp(10)fiz & L

X 1.5 ASHA 60°D5H O Hp(10) DX

TERE R O T EHEIC OV TR, BURHRRO A FE & B L C JIS CRFAHPHA E
DHHITND, Bz, JIS Z4314 (2002) 406 7 AfEaHIEEE ) (24l k5 &0 Fml
FEMEOFFAHAIT £20% (80 keV X RIS LN 60Co o <K LT) EHESN TN D,
Zo7w, GBOHATIE, Mg e 7 4 v Z ONEBROKELZXD Z L1k > T, A
WAL AEE KM SEDL L) R T RB2ENTNS, 2F0, HABREHITEDO LD
B RHEZFFORE N LWV I L= ARERIT LN TEY , ZHICE SO TRIFINLTND,
LrL, EABEF ZEIHBF - AMEFERFARHY . B T AL L THTL %H
REMED B D,

® REEHEEHIE

WIETIE, BAREFHIAKA T 7REIZH D03, (EEFOMEETIL R EEFEOHRIZE
MNREFZHEE L TWDHOT, RERENOEHND D, Lo T, AR AR
8 DI, BAHENR P NS NWEBZBND,

AP AP

i EE-I-‘ Clothes
4 'y

Body AN BHREMNE
’ : fJ\‘/]\éL\
Hp(10)fLE ‘ ‘

4 1.6 BRrEFHEE TIE L RITHBER (BEEX)
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F2E B - Tk

2.1 BEREHEFEDOETT IV

2.1.1 EHWIFHEOT L —LU—7

IARC fa3c[2lid, BEARICIK 2.1 O K5 BREMMFED 7 L—L T — 7 ZfHE LTV, &
BHFZRLX—BLOVAA N OHAEDOT T, £9., BEABREHERMEAREH L
AR ADREEE VT, EAREYE HQOIZHE Lz, DWW T, 20 Hy(10) & fiszsk
PR EICER LT, 75, IARCFHILOT 7 N7 ME, BEFHERED O ISR R~
DEFRE T > 72,

72%. IARC f Uk~ 72 dr OB EET 2 D > T2 D T, BT, HFFEo It
BEE L THOQO)ARELLEEZ LD,

Rl

BEREAFIRNTF—BEIUDH AN DBHRERTTO
T R [ yme L
TEFiE Air Kerma/Fluence 7_?/‘ tjii:ETJ lj
B PR - lcdd2/Ral -
REITEBRNMN e ¢
BABESHETIE | A FREYE . %ﬂﬁﬁ%"ﬁﬂ%ﬁi- '
H,(10) assessed | H,(10) delivered Dt
. L
IARCIZ4 3 B
EERIE R Publ. 74

2.1 IARC X ORBE LB GiED 7 L—h T — 7

2.1.2 THET N

IARC i [2liZ, ERROT7 L —2A U =2 O F T, RO L D BREWET NV EEL TV,
Z 2T, T IR R (AL Gy) . D IZEAMES O R BALIERRICEY R £
XSV TH D, £/, BIBANAA T AERTH HMERES L L TEAINT, T7bb,
B1 (3 Hy(10) & figsfit i & OBELRE(Sv/Gy). Be 1% Hp(1OIZ K7 2 E AR EFH L AR > A

18



(SVISV) TH > 72, BslTMEEAL OMBELRE T, MEFHERENEAL R OBA TR
HAL RISy TH-Z Hiiv, HAL Sv DAL Bs=1 (Sv/Sv) & EZEKINT,

2B, TARC i@ Tid, BsOHIZ, MEHAOENIZT TR BABRER ORIET 1A

(% HBELBOR B & B Lo hr) | Biat & B iR & Ot & i x OERAZZE L Tz,

® i BRI DL IET L

R=T X B:1 X B2 X Bs

ZZ T,
R: A EFFOFERE R E7213 Sv)
T: EofiaE (FEiuis) (Gy)
Bi: Bias factors fE=£28%4

Bi = (Hp / air kerma) / (D1 / air kerma) : Hp & fasWeUHR £ Dr O #H AR (Sv/Gy)

B2 = H,_assessed / Hp_delivered : #&E# L AR A (Sv/Sv)

Bs: M AL O#REAREL (1988 #LLRITIE R/Sv . 1989 A LLF%IL Sv/Sv)

® FRAMET MBIV T, #ERAH Bl B, Bs b NCTDIHTH DDA T A
Bid, FEOMEE L, MEESAMICHE S L EUE STz,

o Z=
1) WERELH X BRBOEH AN S & & FEHEORMEMEITRD L 5 IcRE 5,
log(X)~N(u, 02
EX) =expluy + 02/2): Fy
Median(X) = exp( ) @ AL ER(HF JefE)
Mode(X) = exp(u—o02) : HAHIE
VX)=EX)2 X (exp(02) —1): 43fk

2) HMIISE 7oA X B X OVY WRBOER S AIZHE 5 & & FE XY b HEOEH > A
WD, e b EHSARIZHE D 1log(X) I LW log(Y) OFNTIER 37205 Th 5,
logX)~N(ux, ox2
log(Y)~N(uy, ov2
log(XY) =1og(X) + log(Y) ~ N(ux+uy, ox2+0vy2
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22 YA b, FEEHRBREFE A CZEARER S AT

AR ARSI, R BB F B S ADMEN L T E AR EEHI B3 2 15 #as
VETH D,

2.2.1 %A b, BHIBEARERZ AT

BORE ORI < FEBEEIGIE O T Tk, JR /83513 Y 58 B Xk T ofE A 54
FERIE < #riEa RADREC (288 2 DT BABBIES 1 FOIFREGDL Z LN TE D,
LorL, EABNCAE R ERT 2 A 1T D 1FHIT. 7T —F X=X {23k, 22T, W
IEEDOWEFEE S, I VA FORTFHFEEEOHENFEMN LI EGTT 2 Lz & A
{50 BN Y

SRR RIE, EPRE L £ T 512872 > T, RADREC 28I, EHIC
DI 2N EFLERDOEAVE, M2 FHHT 5 72012, B & 0 BEHREH O f R
THERL S N D P RERLEGHIE R ZE B 2 23T Tic, £ 2 TIEMIC, RT3
FHOW a3 TE R EF O, MReE Ol IE LT, (25, 26]

£l MHERNCT T > b A= —OE AR EET ORI, PERES LA L7z,

2.2.2 BURBREBRESE/AZ L OBREFER

A MBLRET T M A—H—IZB LT, £ 2 ClA S8 ABRER O 240
FELTWS, L7L, RADRECIZSH, EFHET —F4X—RZH, HALEHIN TNV
FEMAE D 7 THHERDBRIT TODHOT, EFHEA Z EICERITHIE < BRERE I
HUTEMEF 2 A T I3AHTH L E WO HKN S 5,
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2.3 ARERZ A THIERN —< STV REF VAR R

REFH L AR ZZOWTIE, CRT — 7 2 FI 25 G L BRERIC I W AFT 50
ERdD, £z, WREREZT 25620, EARE R LOFHHEEE ZBHROEE)
NEERIHFIRER b DIZIR LD & W O HilKIA B %,

IARC #@3C[2] T, BESAIC R TR ER7: 10 DR EG 2 3E L CREFH L AR > 25k
ZEM LT, £ 2 CIEMEFO X A 7% IHX FB (0ld film dosimeters), %% 1 FB
(Multi-element film dosimeters): L OV TLD &, K& < 3 DIZX4r LT 5,

Thierry (2002)[18]i%. 10 OfEEF OREFLH & AREF OB IZ OV TEAEMIZFE L TH
Do

AARTIL, T IIFEEDOREIERCK X 0 b Do 7200 T, W OBFFEEH % B C i —,
IARC # X DIHX FBIZH Y T 2 EFt0MEH ST sy, 272 & b ELRA S
NTZHE % D 1968 FELI X, 25 1 FB %7213 TLD 28 L T > 7=, £ 72, 2000 4 LI,
AARTIIA T ANy VHREFHGB) & 5 WIXEAE AR EFFEPD) S EIZfEb T 5,

fEABREF ORI - PEEEIC OV TIEA— D =B IREES N TV D0, ARFENBE L%
HLbOTRAF—BLIOIHRA NICBITA L AR AT =2 I0T LTIy, #
ZCAE TR, (D) IARC #SCTIREEY BT, HeisigHE LW SR GB, EPD B &
(O 5072117 A Sy /x(OSL)f%ﬂJr (P4 2 x ANy P(LB)) &, (2) IARC #isCic 48
#H D FB B L ONTLD (243 TR L 72,

2.3.1 fA AR E#F ¥ 1 7 GB, EPD 3L 0V OSLBREFHCE L T
Kt AATHA ST S AMERZ 1 7 GB, EPD 58X LBICB LT, =X ¥

—. VA b UBHRER L AR R (RS —< 47 O HERAE) &7 5 7-0Ic, TARC
RO L RRRT, 7 7 > b SRR A P B S0 L7
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2.3.2 BREH L AR ZRBROME

GB. EPD B X' LB O &R L AR Z3RBR L. BETRRE AR S B AR A FIF 5255
MEREJAEANICZZE L CRBFAE 2 M L7-[27], 728, JAEA IO STH I AR
FEOHMEHEK TH -T2,

AEROBE X, EAIZ TARC #3¢[2]36 L O Thierry (2002)[18] £ [FI U CThH - 7=,
2.3.2.1 fFH L7-g%fi - Baw

« JAEA 7 TR AR 2R T iU R HE B 5% (FRS) D X R FR S 2 1
BE - N250 (R 2L ¥ —207 keV)B L TUIN150 ([F] 119 keV)

- JAEA BEBREH A 7 )V TR e Tt S IE ffis% (ICF) @ 137Cs 4 v~ #7#(662 ke V) IR

G E

kK77 FAICRU kAT 7, JIS Z4331:2005 [28] ICHLE S#L7-4ME 30X 30X 15 cm
IKFETE 7 7 > b A

« NMEFEARZ 7 > b & ¢ Alderson #E8 RANDO 7 7 > b & (A BYEA) 1< CIRS 18
ATOM FRA BT 7 o~ b A D% 45

ICRP Publ. 74[9]4 X U Publ. 116[10] Dl B EARE D I = L— 3 VEHRICH
W27 7 U B AFBEO W AR ER L TV D, e OEAEEZKY . fEFL AR
ZFERIZIBNTH, RANDO 7 7 o b A (8 F JOYRMR) (2 CRIS #H8od ifi 2 4655 L
ToRE TR 21T 72,

Fo. WA EOBRERGET 7202, miEEs LT 7 hAEHANT L
AR AR EIT ST, R

- 77 2 b AEEREEE

77 v N AEREEE R, KRBT 7
b DA RER 2 FOICRER ST DL 2 LN TE D,
Fo, EEIXY - T =7 RIS
NTEY BRSO B — L0 & AR
DAEEEZDZEINTED,

B, A= T =T NORERHT,
RANDO 7 7 > N AD AT A A16FEDOALEIZ K 2.3.1 77 b AlRlHREERE
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HbH, Tihbb, MENSOE—LHLEE 7 7 > b Al E 13, FIZAT A A 16 FD
NLE CRAET D,

2.3.2.2 RBRIZMEH L7-EABREF [29-31]

# 2.3.2 RABRIZMHE R U 7= @ B 25

(EPN 755+

Tl

+ e

EPD JAEA BEREH A 7 VT2 CREA S O 0, Rk 30 £ E
B EEgR . A NRG10811,
HITE e/ INHEAL 0.01mSv

GB TRETZ 2 NVEL JREEAT T ANy v, £F=Xa— K FS, 7¥—A
247 GV, X+ yft, BREH, 772 F > 2727V v 7fF,
H7E fe/INEAT 0.01mSv

(F) MEMRREFOLET/ MR T L THDLH, SIS EE
D/NEURLLT 2 HiOfE R &2 FIH Lz,

LB RWZ 2o T8 pEL4 '/1/“?\%/*“‘/“/“8(} AT
R, X v, Bk, Hdfi4Fr : OSL #r &
K, 77 AF v 77V o7t
H7E fe/NEAT 0.01mSv
() PERSRREEOTRITNEUTLLT L Ch 203, SRIEZ S
D/NERLLT 2 HTOFEREFIH L=,

RERIC AW o, BUERI A ATEE 2R EGH D LB ETE RV E WO HilKN & -
7o B2, AARTIE 2000 FEE SEAEIT T FB 6 GB ~BAT L7z, S THRET
7 I NVELG- T B 2V E G-ITR M S, 2014 4FEFIC G- VRLIC—FICHEF &SNz, 1B
HOFEEEILD S FIHATE WO T, BIfTH A4 7D GB (G-VE]) TLORBREZITZ 720

ST,

2.3.2.3 MEFRERBR
B TMEDO M TR 2155 72012, 137Cs (662 keV) AP FRIIC X A ERBR 21T - 7=,
KA Z TREDHIEN S 3.5m & 725 KD ITEKE L, KA T 7 REIMEAMRER A2 050 1)
7o EPD 22\ TIE, fHEZ & OMIEREE S L7200, RBRICHV S 480 EPD 44
AT CRBRZ T o7, TEAREH THE GBBLIOLBICHL T, uy hZTL0#HEF
DFEITH—Th D LB 2, ZNEN AEAREZALY 1T TH D IR RE O & M E4R
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= G R N DY e

2.3.3 KA T 7IZRE D £ 2.3.4 KAZ 7IZAEY fFiF
J7- EPD 7~ GB(EEH B L O LB(F )

B KT 7 N AREOER T —~REZRIT 10.5mGy/h, FRKFEHIL 720sec T, M
FASHE 1T 2.10mGy T 7o,

TARC @ 3CTlE, B H OFEREZ 2m ITFRE LTV D03, ARER CId X SR e ds X
O 137Cs y MRIBHEEE DO 2 Y A =X OF —s38— (KRN EH) L7 72 N AERP RS
BHZAD Z L EZBE LT, #E D OEREZE 3.5m (ZFE L=, ICRP THELTW\5 AP
DA A NVIE, WD D OATE— L2 HIEL T 5 &0 ) BN G EEE L TV,
—Ji. EERTHWD BEHEE R D O E— A Th 5, = /LF— (118 keV,
208 keV 5 L 1N 662 keV) 35 L UVEARA A & DO IEEE (2m., 3m. 4m 3 X O 5m) %% %2 T ROT
THE LI VAR A%, WA ATE—ATHELIZVAR R LT H L, ALORE
X R LF—=DENNEE, FARISE ST 21 ERE otz Il 3.5m OGE, 207
UL 662 keV T 1-2%, 118keV T 2-3%TH VD, YTE—ALIZL D VAR A L DT/
Wy,

2324 77V FAETOREH L AR AR
77/%AIEI$J: X, 77 v hAOHLEENS ETICE B RESEZ O e LT
W (45sec/rotation) THIEET D, 772 b AEEREE L, 7 7 > b LEEREASRIRD
63.5mfilgﬁkiﬁéi9kﬁxﬁbf:o AP B OBAIX, 7 7 v b AREONLE 3.38m O
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BAEEetn—~E s Lo,
ROT MU DA, 7 7 & b AEREEIONLE 3.5m Off &2 KAEZE [ —~ s Lz,
ARIIINZHE O T TR BEFH I E A E LTRSS 5 &, e
EMEOBLEN G ZIVIREETH o 7=, % F0ic

EXAYAN

A4 B D22

Re—FELTDHILENT
ROT(90°) > 4 A

MU CREERT S & R & REEFOIREEE 8.5m +0.12m OFEFAN CTEBIT 5 MEE T

3.5m ([ EDRRER LY &

N DR

PRSP E DS R & 72 D & D ITREE L7z,

THRAF—, UA A Y BIOZER

B —< R

TIRHIITC H T%REEAE T BN,
NELI DD EEL BRI EOHEND H DT, EHOLER I —~ &
KR L TH AR,

MEMGY)ITE 235D LBV THoT-,

# 235 TxRILF—,

UA A N U BIRRER L AR AGER O RS S

@%ﬁ%ﬁﬁk?é®f\ﬁ%
L 1L T35m

F(mGy/h), FGREH(sec), FHEZEK

WE/ v—ha—R N150 N250 137Cg
SR L — (HIEE) 119 keV 207 keV 662 keV
28R —~ k| AP (3.38m) 27.6 mGy/h 7.88 mGy/h 11.3 mGy/h
B3R
e ROT (3.5m) 95.7 mGy/h 7.33 mGy/h 10.5 mCy/h
PR S R ] AP 315sec 990sec 720sec
ROT 180sec 445sec 360sec
(4 [A]H#x%) (11 [=]#R) (8 [al#i)
HUEZE[ 1 — | AP (3.38m) 2.41mGy 2.17mGy 2.26 mQGy
"‘7/(7 e
R ROT (3.5m) 1.28mGy 0.91mGy 1.05 mGy

GB B X O'LB %, MHHERZ &

%ﬁ?%

MENE—E

I, & & BT

2. AfETo, 77 FADZAT A A 16 FEDMDALE
Z 5 cm RIFECRE Y £11772(X 2.3.6), GB B LU LB 13Z@8A CTH 5D T, T TOMEKR
T A TR ERH AT o 72,

EPD (ZEAENKE VDT, 2H(No0.3, )% AT A A 16 FDOALEIZ
» 2 {8 (No.1, 2) % Z D Tl

15 cm fEIf@E T, Bl
L TCHEY 117 7-(% 2.3.6), EPD | 3fEERICTH

V. BREEER Z L OT < MEZFHET 2720, Bl FEREABARY . ES (ES

ZEHE L

77
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2.3.6 RANDO 7 7 & b A DRI AE » (1T 72 @AM &5t (226 EPD, GB, LB)

2.3.2.5 BMEFF L AR ZADESE
c BREE L AR U A (SVIGYIFRICE W EF LT,
FERME(mSy) X MIEMRE / AR R (mGy)
- B EET O MEIT S L CORD TGV AR ZADOWE % | 12 ORFEAED T T
DR EFH L AR AL Lz,
KIEMAZ 0O L LT7 7 v b axElnIH7z ROTO)O%5E OffER L AR > 2% Brore)
E9 5, 01%30°, 60°, 90°, 120°F LN 150°1Z DV Tl L 7=,
- VA A R ISO ICEIT D ERH L AR A Biso I (vxﬁyx@ﬁwﬁﬁ@ﬂiﬁ@T
T) KIES 0 %25 % 7= Brore) OINEFEHEE LT, /k EF LT,
Biso = 0.146 X Brot1oe) + 0.224 X Broto + 0.259 X Bror(9o?)
+ 0.224 X Brorazoe) + 0.146 X Bro1(150°)

(3 LD ROTOD Y = A ME, L AR Z2ROTONRET D L &2 LHKIAH O DIRD
HPHORMAELEHIEORA TH D,

ROT(30°) : 0° - 45°, ROT(60°) : 45° - 75°, ROT(90°) : 75° - 105°,

ROT(120°) : 105° - 135°, ROT(150°) : 135° - 180°

ROT(0) miBgdE:

o
-
=5

&

2.3.7 ROT(O) DIEEAER  (BEE)
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2.3.3 FB B LOTLD: IARC #3CiB&®T — 2 1B L T

FB 3 L OV TLD (BT 2 #EEH L AR RN T, g S R w K 72 ISO A
A RVIZBITDMER L AR AT —2 1%, IARC # X OMIZITGED Z N TE VDT,
TNEFHTLHZ L& LT,

SIHTAMEFH L AR AT — X125 7C, IARC i#X[2] ™ Web annex Table 4 LV %
Thierry(2002)[18]® Table 3 O Ji BWE I T-OHHEN L DT, Zhva vz (5% 2.3.8),

Flo, BMEH VAR ZAOARHENSIZEI L T, Web annex Table 4 (£ B8 LUK & %R
L. % 2.3.81% Mean 53X 'SD / mean (%) & F/R L TV DA, Wi#HIL,
K=exp!1.96 X Mean X (SD/mean)/100 }
DERIZH 5,

X BOBE « B —La— 2oV TiEk, N150 BLUIN250 TH Y, 2.3.2 Hid JAEA T
FTolMEFHL ARV ARBOE—La— REFRUTH-7Z, LL, FHZFALX—D
HIEMEA, 118 keV B L1208 keV & I MNiciir~72 (JAEA OFEOH AL, T
N 119keV B LN 207keV), UL, 1keV DERIZL D, L AR ADWH OHEFHED
FERITIER LGS,

2.3.3.1 FB

#£2.3.8DMEFZATDIBLO-@IL AXFB T H—D7 4 VA BMERA ST,
T4 NVEDOERIL. Hx, BB TV X Thotm, 2. O-DIFEED T 4 L Z DT
W/-4£#EFFB ThoT-,

2.3.3.2 TLD

TLD #EFHIEH S v e EREaO R (T5ET) 1 LiF, LieB4O7 7213
CaS0s Th -7z, IARC F@CTlL, WFZExtSfusk T 415 TLD ORZHT LiF T,
CaSO04 £ 721% Li2B4O7 & CaSO4 DAL OHEEMBH L CTHWAHDIFDETHL Z &b,
LiF X—2% 25 (®L©®@) &, LizBsO7 & CaSO4 DA AHE 12 (1, Panasonic )
. FEERkG e UTERIN LT,
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#2.3.8 IARC HLOMEEHL AR 27T —% (Hpy(10)47-9)

Table 3. Response of dosemeters irradiated, on phantom, to three radiation quantities

(118, 208 and 662 keV) in AP, rotational and isotropic geometries of exposure

118 keV 208 keV 662 keV 118 keV 208 662
Geometry | Phantom (6} (6} Ccv
Mean Mean Mean K
(%) (%) (%)
O1d film dosemeters
1 | FR-1(0.4 mm Sn)
AP Slab 3.595 1.5 0.927 10.5 0.725 2.1 1.111 1.210 1.030
AP Anthrop. 3.43 1.1 0.815 6.3 0.678 2.3 1.077 1.106 1.031
ROT Anthrop. 2.655 2.2 1.068 4.4 0.862 1.2 1.121 1.096 1.020
ISO Anthrop. 2.255 2.6 0.939 3.5 0.735 2.3 1.122 1.067 1.034
2 | US-2(1 mm Ag
AP Slab 2.971 2.1 1.27 1 1.014 0.8 1.130 1.025 1.016
AP Anthrop. 3.038 4.2 1.185 1.9 1 1.8 1.284 1.045 1.036
ROT Anthrop. 2.173 2 1.382 3 1.206 3.2 1.089 1.085 1.079
ISO Anthrop. 1.549 4.4 1.114 1.6 1.036 2.7 1.143 1.036 1.056
3 | UK-2 (1 mm Pb)
AP Slab 0.567 7.8 0.901 2.2 1.144 0.8 1.091 1.040 1.018
AP Anthrop. 0.492 7.9 0.864 5 1.122 5.7 1.079 1.088 1.134
ROT Anthrop. 0.58 6.5 0.702 2 1.384 3.2 1.077 1.028 1.091
ISO Anthrop. 0.456 3.2 0.523 1.3 1.259 2.2 1.029 1.013 1.056
4 | UK-5 (Tinplate)
AP Slab 2.56 9.6 1.294 5 0.874 2 1.619 1.135 1.035
AP Anthrop. 2.397 13.3 1.238 5.3 0.87 1.1 1.868 1.137 1.019
ROT Anthrop. 2.086 12.2 1.223 6.9 1.05 2 1.647 1.180 1.042
ISO Anthrop. 1.735 12.4 1.116 5.2 1 1.9 1.525 1.120 1.038
Multi-element film dosemeters
5 | UK-9 (AERE)
AP Slab 1.196 4.2 0.936 2.2 0.876 1.3 1.103 1.041 1.023
AP Anthrop. 1.015 5.4 0.884 4.3 0.837 2.3 1.113 1.077 1.038
ROT Anthrop. 1.339 4 0.91 3.8 1.063 1 1.111 1.070 1.021
ISO Anthrop. 1.227 5.3 0.779 2.9 0.993 2.6 1.136 1.045 1.052
6 | US-8(Fe-Ta)
AP Slab 0.991 1.5 0.974 0.8 0.823 1.7 1.030 1.015 1.028
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AP Anthrop. 0.79 9.5 0.897 6 0.79 1.8 1.158 1.111 1.028
ROT Anthrop. 1.237 1.9 1.177 17 1.136 1.8 1.047 1.480 1.041
ISO Anthrop. 0.969 3 1.173 8.9 0.969 2.3 1.059 1.227 1.045
7 | FR-6 (PS1)
AP Slab 0.937 12.9 0.67 4.3 0.819 0.6 1.267 1.058 1.010
AP Anthrop. 0.641 12 0.631 5.2 0.815 1.4 1.163 1.066 1.023
ROT Anthrop. 0.843 14.8 0.593 7.9 0.933 3.9 1.277 1.096 1.074
ISO Anthrop. 0.836 7.3 0.56 3.7 0.815 2.8 1.127 1.041 1.046
Thermoluminescence dosemeters
8 | UK-10 (TLD)
AP Slab 0.997 5.3 1.006 8.7 0.995 11.2 1.109 1.187 1.244
AP Anthrop. 0.944 3.4 0.973 5.5 0.979 7.3 1.065 1.111 1.150
ROT Anthrop. 1.151 3 1.148 3.1 1.181 10.7 1.070 1.072 1.281
ISO Anthrop. 1.072 1.8 1.071 2.5 1.091 6 1.039 1.054 1.137
9 | FR-9 (TLD-PGP-1)
AP Slab 0.909 9.4 0.869 11.7 0.828 13.8 1.182 1.221 1.251
AP Anthrop. 0.851 7.2 0.868 14.4 0.776 14.6 1.128 1.278 1.249
ROT Anthrop. 1.025 7.2 0.956 10.2 1.007 3.5 1.156 1.211 1.072
ISO Anthrop. 0.845 5.3 0.828 5.4 0.823 4.3 1.092 1.092 1.072
10 | US-22 (TLD)
AP Slab 0.863 4.4 0.936 3.9 0.925 3.5 1.077 1.074 1.066
AP Anthrop. 0.792 3.1 0.933 2.1 0.909 3.9 1.049 1.039 1.072
ROT Anthrop. 1.082 3.1 1.177 1.5 1.018 4.1 1.068 1.035 1.085
ISO Anthrop. 0.931 0.3 1.033 2.5 0.911 1.6 1.005 1.052 1.029

* Response = Hp(10) assessed / Hp(10) delivered
* CV=SD/ mean

* SD: Standard deviation

(1 1) RONMIEEL F ORI O E £ Th S,

(E 2) K ofEixkiz L v

PR L,

K = exp( 1.96 X Mean X CV / 100 ) = exp(1.96 X SD)
ZEHHFT © Thierry (2002) [18]
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2.3.3.3 H,(100H» b 2Rl —~v~DHE

# 2.3.8 OMEFF L AR ADERIL. Hp(10) assessed / Hy(10) delivered (Sv/Sv) TH 5
NE, HALE BRI —~ Y0 ITRET D LER S D,

Thierry(2002)[18]ic L % & 22Xl —~ Y 7=V O EF L AR AfE(Readings / air
kerma)lZ%f LT, #£2.3.9® [Tablel 3 5Dxx/L¥— (118,208 L1 662keV)EH &
W3 2D VA A K U(AP, ROT 8 L O ISONZKIT 2250 —~ 05 Hp(10)~DHFHLREL
THRTZLICE > THA L2 b D0, %238 Tholz,

(Readings / air kerma ) / (Hp(10) / air kerma ) = ( Readings / Hp(10) )

#2.3.9 IARCHXDHAWEZZ R LF—, DA A MU BIZER T —~ 025 Hp(10) ~DHas
1%k

Table 1 3 S0 FNLF— (118,208 L1662 keV)I L3204 A kU (AP, ROT %5 L 0 ISO)
Cxt A Ze Rl —~ 5 Hp(10) ~0# Bite 4k
o WELE$(SV/Cy)
P R F—
AP ROT ISO
118 keV 1.73 0.94 0.95
208 keV 1.48 0.86 0.88
662 keV 1.21 0.82 0.86

& EHEAT: Thierry(2002) [18]

L7223 o Tifilz, % 2.3.8 DE(SVISVIZ, % 2.8.9 @ Table 1 DHFHLRE(Sv/IGy) = T U
HZ EITL T, BRI —~ Y20 OfEF L AR A (Readings / air kerma, Sv/Gy) |2 4
HTx5,

(Readings / Hy(10) ) X (Hp(10) / air kerma ) = (Readings / air kerma )

(7%) ROT B L VIS0 (281 B 22K —~ b Hp(10)~D #aF 7%k

AP O#FLREUZ DV Tid, ICRP Publ. 74 [9]® Table A.24 |Z## ST\ 523, ROT
BELOISO I L Tk S v CTuvevy, £ ZC, Thierry (2002)1%, ICRP Publ. 51 [17]
® Table 6 [ICRU Bk Hdifi FIEE 10mm ICBIT HHAL 7L 24720 O RS &) &
ICRP Publ. 74 [9]® Table A.1 T[Hfr 7 /Lo 247 225 h—< | ZFFH LT, £ 2.3.9
® Table 1 DHfEARKDT= LT LT 5H[18], 2F Y, Hy(10)slab O J5 UK AT & ERIA R T D
HQODOFHEFTRALTWA Z L1t b (L7HZH), Ziud. Thierry(2002)73 F»
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FRICHE L TV D DT, LY HATHMATRERT —Z 2FHA L TR LIZDIZEEZS
no,

ASHTIHE, YIab—valitioT, £23.9&#itT 5 M TES, JAEA OB%
L7-ikst i = — N PHITS[32] 2 W CHERH T 5 &0 £23.10 DX 512725, APB LV
ROT TiE, #£2.3.9 LIZIER L TH D2, ISO T 2.3.9 £V 3-4%/ &SV, Ziik, #
2.3.9 Tl BRIERTO HQO)DOFEfFTRA L= Z &2v5, ROT & ISO TIIEHUEIZH
FVENLNWIEERKBML TS EEZ LD,

#2.3.10 PHITS ZHWCHEFH LI p L X —, A X R UBIZER T —~ 5 Hp(10)~
DHLFAREL

N HELRE(SvIGy)
P R F—
AP ROT ISO
119 keV 1.75 0.94 0.83
207 keV 1.48 0.87 0.78
662 keV 1.23 0.84 0.79

ISO (2B D 2ER I —~47- Ho(10)~DHEFIHE LTE, I =2b—va R
FFHR. L0 EEEEED

ETC, ZZTOE, FBBLOTLD O%ER 0 —~S - 0 EFH L AR 2 &2 55880
TEHAET D,

Xo ZE8 0 —~ Y7 ) BEEE L AR v ACRE)

¢t 2RI —~ b Hp(10)~DHFAREEER) (& 2.3.9 D Table 1)

Y: Hp(10)24 70 d L AR 2 (BE%N) (35 2.3.8 @ Table 3)
clZBIL T, IR —~ 026 Hi(10)~DO#ER S & LTIk, PHITS OFFEFE RO G A
LV EEMIIE VA, Thierry (2002)43, YIZOWT, X & ¢ THRL TROEZLEENTND
Pk, X (R —~<HB720 DLV AR R) ZRDDHITIE, YT e T L DO/ 1E
Thod, 2FD, £238D Table3 152 b2 Y (H(10)H 720 DL AR RA) [F/31
TAEENTNWD ERMT, Z2ONALT A% 720 LIZFETH S5 2.3.9 @ Table 1 %
LHZLiICkoT, "M TAZREL, (BED) BRI —~ BV DL AR ANRKE D,
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2.4 HOEFER

® (TOTRAX— UA A Y BIBRER L AR A HEHREB I EF AT 5720
I, W XA —BLEOUA A N ODIERBLETH D,

® NPP BXU'MA IZB T 2T AMIHIES MEO TR NL X —B IOV A A F U 3AAIZ
W, SR O T sk OB O Y & H TARC Ga 2103 E L% 2.4.1 ©
HELZANAZ EE LT,

# 2.4.1 TARC R XOBE LX< o F—B XA A b VU BIBREAR D

HAFIC X DHEEHME U7 DR EFTR L OIRATEE R (%)
HE BIE < St = x ¥ —Hi (ke V) WX A A MY
0-100 100-300 | 300-3000 AP ISO ROT
Jii1- )% EFT (NPP)
FREEIS DY) 0 10 90 50 50 0
BREEIG Ot 0-1 5-20 80-100 10-80 20-90 0
FEE) - RO RN S +5(2SD) +10 (2 SD)
RAESZ (Mixed activities facilities)
FREEIS DY) 0 20 80 50 50 0
#%fifi (installation) [ > Z5 @ 0 15-25 75-85 40-55 45-60 0
WEHEM OLH) 0 15-25 75-85 0-60 40-100 0
FeE) - RO RN S +5(2SD) +10 (2 SD)

ZEHHFT : Thierry (2007) Table 4 [2]

2.4.1 IARCHXPHEELEHFZANF—BIOVE A NI o

IARC fmcl2lix. JHAmIC
WIS HTF oG LT =B IOV A A MU B

Nd %, Thierry & [V—72 L A (Saclay) i+ H#fFsEt v % — (L) I
TRNF =Dl 5] (200D[83] b 2D E S TH D,
Thierry (200D [33I3E F TRD L 5

BOT 4 NEL) OFT 4NV EZDOFTOLARAZFFAL T, 320 /LIEF—HF
(<100, 100-300, >300 keV) DYt 1-H&E
it BERT 2B I —a U THREESh,

CEVAY e

. AR OR T s OFMEOHM 2 I LT, B
B A RE L TV D08,

WL ONTEATIFSE

B 5 BLAIREIT <

IR RTW=, T2FEFREH (F (LD PS1, 6 &

A H.7-4 100 keV Kiifi O T BEIG 0 BAF 2 HE
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Z DFER -2 DEak (Saclay) DE AFREFHESEIZE A Sh, RIS X D HEFHER N E
o, ZoHEX, EELFRIEORAZ B2 T, EHEHOBEM & DEICk L T2

ZRIETHDOTH D], F72.Saclay D oHTHE HRI%, FeE HUH #rER /7 (National Radiological
Protection Board, NRPB)<°>k[E Hanford C3&fiti & 172t &8 0D T R /L X — 340 OHEFHE &

BEWM Th oo LIRRTWz, ZhbDT —# LRRIZESE, 1999 4 10 H HFMREEG
T LERo®lE (MA, >300 keV : 100-300 keV = 80% : 20%) 23R E iz,

2.4.2 BARZBIFAARFZAAF—BIOTA A M) ST 5 AL

AAIZOWT S TARC # L2l DI E D Z S A REET A LERH 5720, AARDF 7]
HEMHFEDONA TRV FX =AM E DA A B Y A ONTCERE 21T > 72, BAIZD
WTH, wlELEa2—L, FOBERIZOWTHZET U RAIZESS ZENEFELL, £
7o. FRUC K > THARDENE 2B Lz Basft BB RER A Hi T& 5 B 272,

1980 FRITITAARTEH, BAKFOZRILF =AY MoHT e EZREAITIT> Tz &
DRRE OFES 21572, BRlZIZ, Ly M um by —UL haOBITEMFT L TVl
W72 DT SRR D5y B T b A BIEAN R SEER TS - O T, FhvE AL T 1980
FERIT, A5 RCH R CHII R RIEE N Thni= L B2 b b,

SCHRR R 24T 5 T ABE R T o DB RBFeET S [ICRP #1512 565 < Ehii &
LEOIIGHETFEICET 285 (B 60019854 4 H) [34licizE v i, ZoFkEE
FEiC, BAHEENIRF T 1980 £V O Dtk T, EBRICH o~ e 2L X —0510 5
L OAHFHDHICONTHEZIT> TV Z E N2 T, BEHREER S B IR
DOR L VQDORHERE EORHELZIT-> 72, [35, 36]

F7o. 34228 CHRIET D L5, QO F—0AMTEE D MHDHR T, FREZE
BT E o Tz, BEHSAICERRE PO L X000 T 2REE RO R K
BELTEZA, HEENF—AT 072 BF) 2@ BNRHD Z ERNbhro7=DT,
BoRHFE 21T 2 7,

O AT < BB B M B2 B3 2 RAargt) (BEFn 56-57(1981-82)4)
(EHRETEEY TICBIT 58 o~ O 2L —4510 & AS 5045510 % FH14)

@ THUH BT X D80T < MR B TR O I B9 2758 (BEFn 59-61(1984-86) 4)
GBI D4 v~ O T RV X —057 & i)

@ AT < BB T 0w AR 3 20758 (FEFD 58-59(1983-84)4)
(R BIEEF R JIR BTN 2 EYRAE T O N o~ O = 3L X —/5 40 % i)
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25 HARABRABMT 7 AR —< Y720 GG E

2.5.1 RCP-AM fFZ#ERAFEMHT 7 b A

HTFANTIL L DZ=xF—, A A MU BIZER T —~ S 72V #7813 ICRP Publ.
116 [10] TH 26N TWD, ZDY I 2ab—3a DKo R 7 BT 70 b A
ICRP Publ. 110 [38] C/EZ AL TRV | N2 —D Y A RORANRLTHL, ZDH
HEReRk ABME T 7 o b &% RCP-AM (Reference Computational Phantom — Adult
Male) & V9, FHRIC AARNDEKIZa—T VA RE 0 H/EL | 2250 —~ 4720 DOl
WMBICLERD D EEZOND,

2.5.2 JM-103 HRARABET 7~ &

JAEA X, AARANDOREAB L OEKE%ZIEIZ LT, ICRP Publ. 110 & REDOR 7 L7 7
¥ R A IM-103 (A B ) & JF-103 (oA ZetE) A B% L7z[39, 40, 77~ FAET L
D - K#EIL, RCP-AM 7% 176 cm., 73kg T D DIZ%f LT, JM-103 /% 170 cm. 64 kg
EEREDVINS VY, J-EPISODE @ U A 7 fEHT DRI GUTIEARINZ H R ANRABETH 505,
28R —< Y72 0 fgga it B 0% Ek %, ICRP Publ. 110 ££#E0 HARNRABET 70 kA
JM-103 Z W /=v 2 ab—va ViEREHWD Z L &5,

2.5.3 JM-103/ RCP-AM Jigi&sin &t

RS EVER R 5 TlE, JM-103 D225 7 —~ M7= V) gt B O T AR Sh Tunan
® T, ICRP Publ. 116 OHE#ER A B RCP-AM D25 0 —~ 472 V) fggsii & 4. JM-103
\ZEBT D712, BB IRI39-43]1 % FIWV T, AfFtaZ BIEHEE K )Y JM-103 / RCP-AM
fig e b 2 HERT L7,
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B3E HER

3.1 BEMRBIHESTEDET IV

3.1.1 BHGEDT L —LT—2

o AMHFHESTHEMLEZL—AU—2ZIARC #HX21E AMIZF L THY ., 7TV b7
vy FBRLTHD, LnL, o7 ot 22BN T, K3.1.1 DLk ICEFEDLE
TEEE{T- T,

® BEITiR~7- L 912, IARC faCTlL, Bkx ZRHL TR DO SN E AR EFHE~EL, AF
FETOHEHETH D HQOITHE L, R T, Hp(10) Z il WU s 2548 LT
72l LovL., ARitacid, BEHOZ 47 GB, EPD BLX O LBIZ2W T, #i&E
P AR AR TIL, 2250 —~ SE AR EFHEREOBGRE KD, £z, 77 v
FNAZED YR ab—v a3 THERN —~ Ldas IR EDOBRZBH LI LT
DT, K311 D& 51T, EAMEFHERMED H2EK A —~ 2 H L Cllgs WU 5
RS 2O0ATHD, LEEN->T, 207 b—LU—7 20t > TR EFHERME
D™ D EER R~ OHFARI O 21T - T2,

EEAFIALE—BEUTA AN ORFEHTTO

mESTRA Wing \ .
TIET 75 |Air Kerma/Fluence EI_$/I\:7:7'/ FLAET L
MRESL AR 2 @iéz:;p—
WE TR A AN EM
HEAMRESTIETE %Hﬁ%&“&ﬂ%ﬁi
Readings . - Dz
JAEAIZL S *
LA 2 ﬁ%ﬁ:ﬂ
HERE 105

X 3.1.1 ARt DOHWT=EREEO 7 L—2AT—7
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® TARCHXOMEF VAR AT —X ZFHAF % FB L OTLD 2B L CTix, Hy(10)
W70 OENREHEREEREF L AR ASVISV EEZ L TWE=DT, Ricdb
T, TNEERND—~Y720 OFREICERT HMLEN S DH, ZIHUTOWTIE, 3.3
B ABRERTZ A THIZER T —~ S D EF VAR A TikR%,

3.1.2 BHDET LR

® i AFREEHERME Dr 2> HlEgs IR & T ~DHELR IOV T ROET IVEHRTE L
7=,

Dr=T x B1 x B2 X Bs

- - T,

Dr: fE NBREF O REGFEHMUIE T TR 7213 Sv)
T: BEOKE (EasRIRE) (Gy)

Bi: Bias factors WeRZ%K

B1=Air kerma / Dr: 227 —~ LW & Dr O#HARE (Gy/Gy)
(2R —~ Y720 fidgat & O W)

B2 = Readings / air kerma : 2257 —~ 472V fER L A KA (Sv/Gy)

Bs: M AL O#LREAREL (1988 A= LLRITIL Dr/Sv, 1989 4 LLEIL Sv/Sv)

® ETRRZL T, NS T A Bi, Bay Bse b NZZEDFETH D RIKD/SA T X B I,

AHROMEE B, MEBUERDMITHE D LIUE LT,

s34 7 A Bi~LN(mi, si2)
BIRD /A T A B(= B1 X Bax Bg) ~LN(m, s2)

O HEEHMED RHENSIZBE LT, RDONA T AXENENAHENSZ H O,
22K —~ Y72 V) Pt O 4 (By)
Z2RH —~ YT D BREFE L AR A(Ba),
R B B O HA AR 2 (Bs)
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NAT AORFENS KilFkIiZ LV EZ LT,
Ki = exp(1.96 x si)
L7=m-> T, Bi?d 95%EHEXIT (Bi/ Ki, BixK) &725,

INLERE L, EERORHENS K Z7HMET 272012, &% O3, 7 A ITRHEEIE
AN HE D EARE LTz,
K = exp(1.96 X s)

s2= X g2

MEFHETE R £721% Sv) L lgs Wi E (Gy) & o#ERE c R/Gy 7213 Sv/Gy)
IR CEHR LT,

c=EB) = exp(m + s2/ 2) E: mean of log-normal

= exp(m) x exp(s2/ 2)

BaFRE ¢ X, REE (1988 4ELLAT /1989 4ELAE) . Jiigk #Z 4 7 (NPP/MA), #r&Ei %
A7, BRI L > TRELEHTH S,

TAUS Ko THERT S D BB INBRERITIR D &5 et 2 b o,

F A8 DT 2 SRS ¢ TR L 72T Fit e Dr/ ¢ OFHMEIL, (HD) g
MEOVHEE —ET D, TROOARMETCETH L, 2ED . HFE T4 PBIT
B (DWW TR T D

E(r/c) = E(DRr) /¢ = E(T) x E(B) / ¢ = E(T)

fHA Z & OFLEARE % BRS¢ CTBR L= HERHIBER R B, B A Ol W iR B &
EFR LTIV 7220,

fEH N Z & OFeER R A HEIR S ¢ Th Lo HERHIRE M B, 2 Lot ez ¥
—BEIOTFA NGB, VA NOEFEZOELHLFELTHL EREL, £72, K
BH HARNEE ERICTH D EAGE LT25E Olfisa WA & OHEFHE CTh 2 Z & 12H
BETO0LENRD D,
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3.1.3 NATABIOARHENS
Bi. Ki
® B 0T —HF, =HAF—, UA A NIURIER D —~ Y720 e E OV TH
%o BIEEHIDOWTORMET — X1 135 ARNBRANFBMNET 7o b ADLEKR T —~ 47
v R E] D 3.5.2 TRT,

o WHMREOARMHEN ST, OFIZHEE (IR, BaTEE, MERidE - BIRE) ol
KTH5HD, @QvIal—ryarya— R R THWLIET ALV EIERTL2HD, @F T
BN FHEOREEREENEZ NI, TNEEENICEZ D Z L3 LV,

® 5. ICRPPubl. 74 T 757167 [F—XOEBEOMNT CXD L, FHHEEN
7o N S AR B SRR DR R RO R S 13, K& WV iges (B2, Mh, AFig. H)
(ZxkE U CEBREL 2.6% L0 T HHARFIZIR /04T Dl - ARk (R s, &R, BH)
2R LT 1%L T & Rtk 23 d 5 [9],

® I T, MEMRH=1L LT, EERAED LR s=0.025 LE X,
logK=1.96 x s = 0.049, K=1.050 %#{i/& L7-,

@ T ILX— TUFAFNYBELRT—~Y- g ENS, R X A TRER T —~
W 0 SRR A RO B EE T a2 (3.5 AANRAENETY 7o h AR —~
YTV IR TR,

Bz, Ko
e HEL WZBET 234 7T AB L ORKED Z 1T, TARC #3CER L ORBERGE RN S

AR
SONDELR T “—Véf_@ﬂﬂ)\ﬁ%uﬁaﬂjﬁ(sw(}y)’(%é

A\

0 HE7uEvREBL KiLRETHD, FMEFZ A 7O Bey, Ke DI, 3.2 1 b,
IR B BRI W T B AR ERE Z A 77 T,

Bs. K3

1%8&H%@ﬁ%ﬂh%ﬁ@ﬂﬂ%um@@k@@%ﬁ%#éﬁ%kmﬁwéfﬁéo
BsiX. IARC i@ X Table 2 (81T 5., 137Cs IR DOHA @ Hp(10) / Exposure Dfi 1.06
(102 Sv/R) &= Hv 7= (2],

KX, AU < #3CEi#io K=1.103 (S = log(K) / 1.96 = 0.05) & H\ 7= [2],
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Bs. KsDfEix, RIS U T, #£3.120E80,

7 3.1.2 PR EFHE R L Hp(10) & DR LREL

1988 4E L1 1989 4 LI
Bs 1/1.06 (102R/Sv) 1
Ks 1.103 (S=0.05) 1.0 (S=0)

E AN, BRICIIR 7= X 912, EBROTERED D IRgs iR B~ DI Y 7= - TiE, 1988
FELFTOMEFHERE (R) 10 F FHEY BElem) IZF AR 2 Hiv, EEEHEAR SI ~0D
BT, 100 rem=1 Sv & HAL SV ICEMEIS N TWAZ L 2 EETAIVNENDH S,

EJ/ wwiuﬁi EAMREFH 2 BHRZESF TREL TWn T, Zhae MRS
L CHWEEAITIE, MDD O®%GFHELERH 5O T, FEnEid s Sh el B3R
ﬁénfméo ARC #3C Tl DUAFED =L ¥ —HPH TId, % 5 HGEL R R T IR =
TOWIEL D 10%REICTH G T 5, Liad-> T, BH ISR LEREICE TN 55
HlE. AT ART L1 BBESNTZ) L OB H 5 (2],

1988 FLLAITD Sv L TR SNTZFEEEICKT L T, B3lMEET A2 E R H H, iz
IX. 100 mR OMEFHEREIKT LT, % AHELNR 2 BRO 72 USSR 51X 100/ 1.1 mR T
HY . ZhE HQIZHET 5 &

100/ 1.1 (mR) X 1.06/100 (Sv/R) = 0.96 (mSv)
L 70 %,—77,100 mR O EFHEREIL, £ O F FHEY E T 100 mrem ([ZHEAFE 2 B AL,
HNLRDOZEE T G EICIL 1 mSy LFLESNTWD, 77206, 1989 4 LLKED Hp(10) (R
iz SYIZx3 % 1988 FELARTDFLER#RE (BfZ Sv) DA 7 AR+ Bs & LTI, 1/0.96
(Sv/Sv) & 72 %, RADREC |28k SN T\ 5 Sv HfL TFIR S midi BB LT, FR
BIOBFELREITE 3.1.3 TRI D,

# 3.1.3 HAUHI Sv AL O Reskiit & & Hp(10) & DR LR E

1988 4ELLHi 1989 4 LI
Bs 1/0.96 (Sv/Sv) 1
Ks 1.103 (S=0.05) 1.0 (S=0)
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3.2 YA b, RHBBREFTMCAWZEAREH XA T

A b RN A M RZEFTREME LA ER (ERESR) OF A T Z2IRD 6
Kl E &z,

# 3.2.1 ARRER ¥ A T X5
EABR R 2 A 7 ik

FB1 A= FB
FB2 %51 FB
TLD
GB
EPD
OSL

R

ey
al
+
z
o

O | W ||+ |O

7T B A= I —EHIEEOWEEE D E T 2 EAREFTOZ A 713, BT, B
A FEEFBOBEN T 2MAREZTOZ A T L =BT 2 LIFRER2, LALARNL,
18 2 DOPEEE DM L7 B ABREFHI B 2 HIInD T, A PEEFTIREOMHEN L
T i AR EFF ORI EZ 35 Z & & LT,

3.2.1 EARER OFIHDOEE

EARRERHE, (EEROBIHR T R X — AT b, MERL UL, (EEMM%S 25
L TEREIN D, BEHIHOMEAMREITORERTERE 2 OBEITIT, R R DMER]
ThHY ., HBHL, zm*“kLTFBﬂ%m%nT%to;n_mKT 1974 55 TLD
LHWLND KSR Tz,

A AR EWOM AR 747 JRR-1 1% 1957 HFTEGSR & 22 o723, 2 DRFOE A MR ERE 12
1% JIS Bk FB JIST AL v #2 A FB)MEH & 47z, = @ FB L EBF e R <.
ERE L TI9TTFEE TSN, F2, —ENPPIZBWTH, 1965-73 FFOf#EH X
i,

JIS X, 7 4 VB HMBIANTET 4 VDA — A OHE . $RERIE & GG 715 % Bk b
L7 FB OB G 1ER L O7 4 v L OBUG FIEORBE b DR STz, JIS Z 4302
(1956) vy -NBL7 4 VAR lr—Vr—ADT7 4 MZ L3 TH -T2,

Z D% JISBUMSITE TS, K7 4 NVZ FTDT 4V AEEORIEREAIC LD =¥ —
Ktk 2 P b U, B2 59 2 HIEABRE S, 1{H 0 FB T 20keV 725 3 MeV D Ji#i
PRI 7= 0 IE DS ATREIC 72 o 7=, JREPERY FB X, —SBAFZERE I Tl 1978-84 D[,
F 72— E8 NPP Tl 1969-2001 DRI &7z,
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TLD (2B L TiL, HARTH 1972 FE O EMEDO H D (Panasonic UD-200S) 23Mitka
SND LIRS TeD T, —H ORI LONPP THEHEND Lo icoTz, &
DI, 1981, 82 FEEHMNDL ZNHOHFHEMTIX, B INZTLD BMEHEIDL L Ok
7z[44], 1990 AR E T HARDE AR EFT OEEITN 3.23 D LBV,

XA 2K (JIS-17Y)

X v i## : 10 keV-3 MeV
BH#E  :0.5-3MeV
P PET- 1 0.025-0.6 eV

BEHHAT - THT 7 4t
322 HFOFBOEE (JIS-NI7E L WLFPHEE FB)
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F A RENERMREM & e S Y L

Hi &

()

N5 n& y @H FR

6 # W (AT 2 HE)

JAERI- IHNFB
JAERI - I FB
JTAERI - I FB
JAERI - WH FH

77

(MTA or NTB 7 « w.J]- a7
[NTA 7 48] '
| S FEe

T
L
D

-

UD-2005
R TLD-t o & (8
fhER TLD -« & (IR

Y —ii]

T——————

j2—-at

*NTA 2 ¢ & (EETHD 4, 7 BE

Lol IR T~ L R, e a1 -

*EREY — £ AR T 2 FE T, —HORFETBERLEL,

5 TR R o & ERhE RO B & fE

!tﬁ!

% W (o) O R (AT R
1S 1% 7 |AE FB | B5—s8 T0——T3
¢ sk fR FE Tk 8
LEMS FE % q%
o | M d A = N PR 73— a2
IR TRE T 3 UL¥ — LGS PR R
JAERI - V41 FB* TiF a2
T |TLD | UD-200S T
L | #F@H TLB : UD-808 ] 82—
n A
£ i Eb T FD: 277
@ | (884 Pg———nag? ]
B | Ry bty e H7—52

CNTA 7o adalf, TR~ 7 g b E—REIC ot o 2 — 2SR T 50

= UDA, UBEe & —odmy— il L, r flE L0 TROEREBES L,
il 1 B R AN~ AT T i R

o -2 (ER) it a,

BOBHHAT : (D BURR B S U R o 7 — i | R G 7 Vv — 7 T
FACE 1 HDIER D E AR EOEEME(D) —MEOER, WIE BT EEE OB L R ER X ORI
238355 — | RADIOISOTOPES, 46, 1997 [44]
(3 £4 D FB® [NTAor NTB 7 ¢ /L2 OEHFEIE 57-63 OFAfE L Bbid,

% 3.2.3

AARTIE, 1990 FRE TIX FB A EITFEH STV,

HREEHZR
FE).

WFZERE B RE 6 O NPP (I

XREWNH - 7-, NPP10 £ 5 5 7 #1723 BefriIC
3428 EPD 3 A L7- (2000, 2001 4Fj).
TR RHEBAIC BT . 3 TLD 2 LT TV A EHEEFRR H
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2000 Eﬁﬁ?ﬁ‘

Y

(1957-1992 4F)

{EI :—'—»DD@{EJ\

Bz &z (2001 4

3. %<1 2001



EEMNS GB 2 A LT,

FRERREEIN T8 O Jifiak Tl 2001 4D 3 4128 GB 238 A L, £7- 1 #1248 OSL &5+
GBIV T BRI B A LT (V7B DORE4IE 2017 £ 4 H L S R AN
Y VICERINT),

3.2.2 IARC X DEAREF VAR RT—F L ORIG
3221 HATHAIN/IZFB

AARCTHEH SN FB OffifE% 2 DIZX 5T 5, 1-200%, JISTH y #H FB T, Ziic
IZ IARC #@3C[2]® THX FBJ (Old film dosimeters)(Z X5y 4172 FR-1, US-2, UK-2 1
FOVUK-5 OMEF L AR AD /MG SEDHZ L L LT,

Z DM FB 2%, IARC X %% 1 FB) (Multi-element film dosimeters)(Z X4y
SN2 UK9, US-8 BLUFR-6 OMEFH L AR ADVEH ZRnSED 2 L & LG
3.2.4),

3222 HATHEHIIITLD

TLD (2B L TiE, TLD HFE#0/N v 75— U — A U CRE 72 LA 8 Ly, B AR CHEH
SN TE7= TLD v ik, LisBsO7(Cuw) 3 112 1,000 mg/em?2 #8224 DI 7 « V& &7
Panasonic 8D ¢, D ThH o7z, TARC #H X TIE, FCKTXELAYZR LiF X—AZ® TLD & LT
UK-10 & FR-9 ##IR L, —J, Li2B4O7 & CaSO4 DFA A+ & LT US-22 (Panasonic
UD-802) % #R L 7=,

US-22 (T K[EW /N> U S —4fi % (Savannah River Site) Tffi ] L TV 7= Panasonic
TLD T, BB ICITBARD TLD L RIFELT 4 2 030 LiE D 03, FEARM 2R B 5T oS 0%
PPEIZAE R LT, BARD TLD (2 US-22 OB VAR AT —=H 2xfiisEo L L L
7=(% 3.2.4),

# 324 AARTHHEISNZ FBEBLOTLD & IARC i SCHE#OMEE L AR 257 —#
DXt

EENDIHPNS Sy %35 IARC i KO EEH L AR AT —H
FB JISIZ y #H FB | FR-1, US-2, UK-2 8L UK-5 O F

Z DAt UK-9, US-8 15 X' FR-6 O 1)
TLD US-22

323 I MA—HI—FDMBIITEOBENBREFHF AT
TR R B B 2 NV R A IR TG L7 TE B SR EH AR B I E A | Tl
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JRFIIFEEEDUMCE, 7T b A= —3fEIZ 2V T, 2008 - 2012 4 Ol R 52
DOEREFZNELTZ, Zhicksd e, 2/ GBAHEAL, 11X OSLBEFA2MEH L TV

7z[26], D I EZEOEH T 2 EAREFHIET S FRITRHTH - 72,

HARTIIHERBEEB W FH ORERHIIIHERE OBB TH L0, TOREIZ OV T,
BNEZEOVEFEOMET — 2 b FO T, VA MO HJEHEE )5 RADREC (ZEHIH &

SNb,
324 F£i®
AgetaCEHT 24 b, FEHRIRRES 2 1 73R 3256 DBV &T5,
#3.2.5 FA b, FRHIHIEASRER 2 A 7
Site Start | End Type | Start | End Type Site | Start | End | Type | Start | End Type
NPP R+ 1% B R&D HHZEBE%

19 1988 | 2000 1 2001 | 2012 3 1 1956 | 1958 0 1959 | 1999 1
20 1983 | 2000 1 2001 | 2012 3 2000 | 2012 3
21 2005 | 2012 3 9 1958 | 1973 0 1974 | 2012 2
22 1970 | 2000 1 2001 | 2012 4 10 | 1969 | 1970 0 1971 | 1982 1
23 1981 | 2000 1 2001 | 2012 4 1983 | 2007 2 2008 | 2012 3
24 1984 | 2000 1 2001 | 2012 4 11 | 1958 | 1977 0 1978 | 2012 2
26 1974 | 2001 2 2002 | 2012 4 12 | 1958 | 1977 0 1978 | 2012 2
27 1992 | 2000 1 2001 | 2012 3 13 | 1978 | 1984 1 1985 | 2008 2
28 1970 | 2000 1 2001 | 2012 3 2009 | 2012 4
29 1974 | 2000 1 2001 | 2012 3 14 | 1990 | 2007 2 2008 | 2012 3
30 1974 | 2000 1 2001 | 2012 3 Fuel %ML
31 1972 | 2000 1 2001 | 2012 3 17 | 1991 | 2000 1 2001 | 2004 3
32 1976 | 2000 1 2001 | 2012 3 2005 | 2012 4
33 1974 | 2000 1 2001 | 2012 3 18 | 1995 | 2000 1 2001 | 2012 3
34 1983 | 2000 1 2001 | 2012 3 39 | 1972 | 2000 1 2001 | 2012 3
35 1963 | 1967 0 1968 | 1999 1 40 | 1979 | 2000 1 2001 | 2012 3

2000 | 2012 4 45 | 1971 | 2000 1 2000 | 2012 5
36 1976 | 1999 1 2000 | 2012 4 46 | 1971 | 2000 1 2001 | 2012 3
37 1969 | 1999 1 2000 | 2012 4 50 | 1973 | 2000 1 2001 | 2012 3
(B 1) YA FEBIL, EFHETHNTWDIESTHD,

2) #EFZ A7 0 =01d type FB, 1 =FB(Multi-element), 2=TLD, 3=GB, 4 =EPD, 5 =O0SL




3.3 MEABEFF A TRIEIN —H TV REF L AR R

3.3.1 GB. EPD B XU OSL #p&#tizo\T

GB. EPD B XU OSL#&Edt (Fish4: LB) O#ERF L AR 2O T, JAEA ~D
ZERERBRE R (2713 J O B E RS R 2B LT,

3.3.1.1 fAAREFMHEMRE
137Cs, 662 keV., AP R T ON-HK 3.3.1 OM LA A, S xLX—BLOUA
AN COMBEFHEREICTE T THIE L,
7B, K77 b AREDER T —<EFRIL 10.56 mGy/h, PREEERIT 720 sec T,
YERRS T 2.10 mGy THh o 72, 2250 —~ 05 Hp(10)~D#FEZ%E 1.21 Sv/Gy Z v
7o EYE Hy(10)#3 51T 2.54 mSv TH -7,

PREFHERME & Y Ho(LORRED L & U CTHiIERR S &2 55 L 7=,
# 3.3.1 fH NRREFHE REO M B4R 5
662 keV AP EPD GB LB
K77 bA 4 {82 4 {82
No.1 No.2 No.3 No.4
WMEHERE O | 249mSv | 2.45mSv | 247 mSv | 2.45 mSv 2.52 mSv 2.47 mSv
Y H(10) @ 2.54 mSv
WiERE @O 1.02 1.04 1.03 1.04 1.01 1.03

Z OMIEREZ . ROREABR TR LNz R/ F—

W23 U7,

3.3.1.2

BEH L AR 2R R

NI WL EPN 73 i iz [}

® EPD Ol 4® No.1,2 & No.3,4 b5 &, #3.3.2D L% HIZKIEMA 30°8B L
W 150°D T RV F— DKW ORERFES T, EPD A& « 7 7 > b AR EDOEEZ D

HBFER L LT, AT/ 2165
AEIZBE VA1 72 No.3 38 LU No.4 DA M L=,

EBRTHEHL7Z EPDIZTEIC Ny T U —=0BHDH4 4 7T, THANLDOE—ALIZR L
TIHVARCADNNELL DLW /eE S, TeBEOER E L TEXHND,

EWFICLDFHMIEORBEN A 72, Lien-> T,
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# 3.3.2 EPD 5”45 122\ T, No.1, 2 D No. 3, 4 SEHITx+ 5k

UAARY 119 keV 207 keV 662 keV
AP 0.97 0.98 1.00
ROT(30°) 0.55 0.59 0.71
ROT(60°) 0.88 0.89 0.91
ROT(90°) 0.98 0.96 0.97
ROT(120°) 1.04 1.03 1.04
ROT(150°) 1.45 1.31 1.19

® GB TROT1209)DRERFICZ, BET — TR, GBI 7 7> h AKED B lem 7F
X ENol, 22T, GBOTE 3EA[H LT, & ROT(120°) Dk % FhE L 7=,
BIERE R I, Al FE2)(0.92 mSv) & %2 F4)(0.91 mSWIFEZETH > 72D T, FiF D
FERAERA LT,

& Ny UITUr N ERGET Dm0 ar b —LE LTI E AR O
fEiX. GB OHA X (BHRARM) . LB O/ 0mSv Thote, LEERn-T, N
v 77T 0 RO L 2o T,

® MERIAT. THAX— UAALYRIBREF L AR ZGVIGYIFEL T D LB,

#333GB. EPD BXOLBICRET A2 —, VA A MUBRREF L AR A

e Mt L AR 2 (B)
f - AR & (K)

v (Sv/Gy)

EPD CAANY 119 keV | 207 keV 662 keV 119keV | 207keV | 662 keV

AP 1.38 1.35 1.20 1.010 1.008 1.000
ROT(30°) 0.84 0.99 0.87 1.021 1.008 1.031
ROT(60°) 0.83 0.97 0.86 1.021 1.027 1.008
ROT(90°) 0.83 0.97 0.87 1.011 1.015 1.014
ROT(120°) 0.78 0.92 0.83 1.018 1.029 1.015
ROT(150°) 0.51 0.69 0.64 1.039 1.041 1.022

ISO 0.77 0.92 0.82 1.009 1.011 1.008

GB CAA Y 119 keV | 207 keV 662 keV 119keV | 207keV | 662 keV

AP 1.47 1.30 1.21 1.046 1.035 1.021
ROT(30°) 0.65 0.84 0.87 1.056 1.059 1.072
ROT(60°) 0.80 0.89 0.87 1.014 1.037 1.036
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ROT(90°) 0.83 0.92 0.88 1.040 1.017 1.015

LB

ROT(120°) 0.82 0.90 0.89 1.059 1.021 1.009
ROT(150°) 0.80 0.79 0.79 1.058 1.023 1.020
ISO 0.79 0.88 0.86 1.020 1.014 1.014
CAANY 119 keV | 207 keV 662 keV 119 keV | 207keV | 662 keV
AP 1.98 1.55 1.19 1.049 1.062 1.079
ROT(30°) 1.15 1.01 0.90 1.055 1.065 1.097
ROT(60°) 1.14 1.03 0.88 1.127 1.064 1.066
ROT(90°) 1.17 1.08 0.96 1.046 1.017 1.060
ROT(120°) 1.16 1.07 0.87 1.042 1.083 1.034
ROT(150°) 1.09 0.90 0.80 1.128 1.021 1.094
ISO 1.14 1.03 0.89 1.037 1.025 1.029

(FE1) 3 AF—BIOUA A NI REGICRBITABEH LV AR AORENS Kit, &
L AR AMEFHEOREE OIERERF %2 SD & L&, WICLVRDT-,
K=exp( 1.96 x SD)

(2 A A RV ISO OfEEL 2R 2D T 2.3.2.5 Hiz 5,

(H 3) VA A VU ISO DM EF L AR ZADOARHEN S Kiso 1£. % ROTO) OfpEF L A
N ZADARFENE Kror(p) EXIET DTV =4 MEHNTKRICE D EFR LT,
Kiso = exp(1.96 x sqrt(0.1462 x Krom092 + 0.2242 x Krote092 + 0.2592 X Krom(9092
+ 0.2242 X Krot(12092 + 0.1462 X KroT15092 ))
BlZIE. LB D 119keVIZBAL T, Kiso 2 KHDH 707 T L& R DAY VT R TRT &
wDEFBY,

> K # LB 119 keV OFFEF L AR ADRHEI S
ROT30 ROT60 ROT90 ROT120 ROT150

1.055 1.127 1.046 1.042 1.128

>w B U=xA b

ROT30 ROT60 ROT90 ROT120 ROT150

0.146 0.224 0.259 0.224 0.146
# ISO ™K

> round (exp (1. 96%sqrt (sum(w 2% (log (K) /1. 96) "2))), 3)
[1] 1.037
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2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

{Sv/Gy)

—=— EPD
: =— GB
T LB
—%-q?p___‘qh% Hp(10)/Ka |
119 | 207 | 662 | 119 | 207 ‘ 662
AP IS0

YA LT TR L3 — (keV)

() 225 —~47-0 Hp(10)1%#£ 2.3.10 L v

X 3.

34 MERIFAT, ZHNF— VA AL YRIREGL AR X

® ER . MERt¥ 4~ (EPD, GL, LB), =3/ X— U4 A MUBIOMKERTL AR

A

(2R % ERLXENBIRD Z & bioTz,

- AP R 04, 662 keV TIEWTILOMEF 2 A4 7 TH VAR I3 1.2 Sv/Gy

Thotr, BNZRLE—|IhB L. LARVAMENKEL 0 BEHX A
MDOZEB RN DN, 2280 —~ 4720 Ho(QOIZk B AH%F L AR > A1, 119 keV
TEPD IZ0.79. GB 1% 0.84, LB 1% 1.13 TWFH b XS L AR 2 DOFF A &N
‘/63%)071‘:0

- ISO ® L AR AEIE 662 keV T 0.8-0.9 SvIGy FLETH 72, =HRNLF—I2LD

VAR ADZET AP IZFEREL TR 0o T,

-ISO DL ARV ZHIZ, WTNOMEFZ A TBL V=R LF—TH AP LV /&

ST, FRIZZm R =0 IWEE, AP L DOENPKE T,

« 662 keV IZBW T, LB® ROT(90)D L AR AR, NS D AR A A N

ROTOIZERTREV, GBX° EPD TiEZ D X 5 2 H[mix A Hi7auy,

- ROT(0) MK OLHE, WTNoOfBfERT, T3 —T%, BB 0=30" -120°D

MHIRE 2L AR ADENNIH LR WA (GB D 119keV <), FTHMH
DI TH 5 0=150°TIIH AR DHERTNE (I LV DIZDIZ AR ADN
LB,
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® JHMEBIEEEDIEL TR LF—DHB LN A A B Y A OBETO
PRERT LV AR AFTHE 335 DL HIZ725H, T 2T, TIARC fw ity (K- x/r¥—
100-300 keV #ifHD L AR > A 1%, 119 keV B L U207 keV Z2fAFE R E AfML., Zh
ZNOFERONME T (%% DEIE 25%:75%) % 100-300 keV #HOFREFH L AR
AL LT, F£72. 300-3000 keV #iHDOFEEFT L AR A%, 662 keV 2R3 M & Rl
L7,

# 3.3.5 MEFHF AT, XA THIFREF L AR A

I ) VAR A (B) (Sv/Gy) R s (K)
MRERE 2 A T
NPP MA NPP MA
EPD 1.00 1.01 1.004 1.003
GB 1.02 1.02 1.011 1.011
LB 1.06 1.08 1.037 1.033

() Mgk ¥ A TR EF L AR 2 BB LIORHENES KiZ, AP BLIOISO O R /LF
—HBRBIOKDEE, fed 27 2A FEAWTHF L=, flxiE, LBICELT, 7
0/ L5ARDAZY) T NTRTEHRDEEBY,

# Dosimeter response (Sv/Gy) for LB
> B{-matrix(c(1.98,1.55,1.19, 1. 14, 1. 03, 0. 89) , nrow=3)
> colnames (B)<-c ("AP”, “IS0”)
> rownames (B) <—c ("118keV”, “208keV”, "662keV”)
> B
AP ISO
118keV 0.792 0. 931
208keV 0.933 1.033
662keV 0.909 0.911

# Uncertainty for LB
> K<{-matrix(c(1.049, 1.062, 1.079, 1.037, 1.025, 1.029), nrow=3)
> colnames (K) <—c ("AP”, “IS0”)
> rownames (K) <—c ("118keV”, “208keV”, "662keV”)
> K
AP IS0
118keV 1.049 1.037
208keV 1.062 1.025
662keV 1.079 1.029

# NPP D5 D B 8 LUK

> fg<-c (0.5, 0.5)# A A kU434 (NPP)

> fe<—c(0.025, 0.075, 0.9)# = kL F—434i (NPP)
> F<-fe¥%tht (fg)# T R/LF— « DF X U 5

> colnames (F)<-c ("AP”, “IS0”)

> rownames (F)<—c ("118keV”, “208keV”, "662keV”)
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> F

AP ING
118keV 0.0125 0. 0125
208keV 0.0375 0. 0375
662keV 0.4500 0. 4500

£ NPP DT RLF— « DA A NYGAHD T TDB (Sv/Gy)

> (B. npp<~round (exp (sum (F*log(B))), 2))

[1] 1.06

#NPP O RLF— « DA A NSO T THK

> (K.npp <-round(exp (1. 96*xsqrt (sum( fe 2 %% (log(K)/1.96) "2 %% fg'2 ))),3))
[1] 1.037

#t MA DA D BB LUK

> fg<=c(0.5, 0.5) # A A VU4 (MA)

> fe<—c(0.05, 0.15, 0.8) #t TRV X—43 A (MA)

> F<-fel%tht (fg)  # TFAF— « DA A b U S
BEMADOTRNLX— DA A NGO FTHOB (Sv/Gy)

> (B. ma<-round (exp (sum (F*log (B))), 2))

[1] 1.08

EVMA DT RLE—« DA A MY HGHOFTTOK

> (K.ma <-round(exp(l.96%sqrt(sum( fe 2 %% (log(K)/1.96) 2 %% fg 2 ))),3))
[1] 1.033

3.3.1.3 MREFTOHIERE
EPD. GB. LB & iz, HIER/NEALIE 0.01 mSv TH Y . AHDFEFIT 0.005 mSv TH
%o FENEDLIED D DTEBERIZ OV TR R ZEZ2 K 5 & (EPD 13 1.1%.GB 1% 2.0%.
LB X 3.5%CTh -7z,
Z DOFRZEICIE, MEFORIERAEDIZD, MEFIAIEICL D7 7 P AREOME
DE, 77 ¥ b AREGRE S SREFHOEREOE VR E RBRFIEICEIREELEEND
EEZBND,

2B, AEORERTIZI RANDO 7 7 > F ACHiliz % L7-RE T, MEH L AR A
B A S L 7o, i 25 LI A RRGET A 72012, EPD (2B L C, [Al— D RS 5 1F (662
keV., ROT(90°)) DO T T, MDA MORERZ ik L7z R, Wilif » 056 O &L
Z R A1 0.83 (Sv/Gy). WilkidE L DA% 0.84 Th o7z, #ENTIIH DA, iz s
L7z Z LI K DR R TR BT,

3.3.2 FBBLOTLD OREFL AR RIZDOWT
3 2.3.8 (2## L 7= Thierry(2002)[18]® Table 3 %, 3.3.1 HiDHMER 1L AR 25 BRIC
AT, BRI —~H=VICEHLIZHDEFK 3.8.6 1ITR-7,
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% 3.3.6 IARC i SLOMBRI L ARV AT —& (2810 —~ Y72 0 [T45H)
AU TFNDU AR A | Table 1 &3 U T2 | AP Slab O RIZ & 0 #HIE
F—4 — 7 0 1B
Geometry | Phantom ["17g5ev [ 208 662 | 118keV [ 208 | 662 | 118keV [ 208 | 662
Mean (Sv/Gy) Mean (Sv/Gy) Mean (Sv/Gy)
Old film dosemeters
FR-1 (0.4 mm Sn)
AP Slab 3.595 0.927 0.725 6.219 1.372 | 0.877
AP Anthrop. 3.43 0.815 0.678 5.934 1.206 | 0.820 8.185 1.664 1.132
ROT Anthrop. 2.655 1.068 0.862 2.496 0.918 | 0.707 3.442 1.267 0.975
ISO Anthrop. 2.255 0.939 0.735 2.142 0.826 | 0.632 2.955 1.140 0.872
US-2 (1 mm Ag)
AP Slab 2.971 1.27 1.014 5.140 1.880 | 1.227
AP Anthrop. 3.038 1.185 1 5.256 1.754 | 1.210 5.183 1.730 1.193
ROT Anthrop. 2.173 1.382 1.206 2.043 1.189 | 0.989 2.014 1.172 0.975
ISO Anthrop. 1.549 1.114 1.036 1.472 0.980 | 0.891 1.451 0.967 0.879
UK-2 (1 mm Pb)
AP Slab 0.567 0.901 1.144 0.981 1.333 | 1.384
AP Anthrop. 0.492 0.864 1.122 0.851 1.279 | 1.358 0.744 1.118 1.187
ROT Anthrop. 0.58 0.702 1.384 0.545 0.604 | 1.135 0.477 0.528 0.992
ISO Anthrop. 0.456 0.523 1.259 0.433 0.460 | 1.083 0.379 0.402 0.946
UK-5 (Tinplate)
AP Slab 2.56 1.294 0.874 4.429 1.915 | 1.058
AP Anthrop. 2.397 1.238 0.87 4.147 1.832 | 1.053 4.745 2.096 1.204
Rot Anthrop. 2.086 1.223 1.05 1.961 1.052 | 0.861 2.244 1.203 0.985
ISO Anthrop. 1.735 1.116 1 1.648 0.982 | 0.860 1.886 1.124 0.984
Multi-element film dosemeters
UK-9 (AERE)
AP Slab 1.196 0.936 0.876 2.069 1.385 | 1.060
AP Anthrop. 1.015 0.884 0.837 1.756 1.308 | 1.013 2.005 1.494 1.156
ROT Anthrop. 1.339 0.91 1.063 1.259 0.783 | 0.872 1.437 0.893 0.995
ISO Anthrop. 1.227 0.779 0.993 1.166 0.686 | 0.854 1.331 0.783 0.975
US-8 (Fe—Ta)
AP Slab 0.991 0.974 0.823 1.714 1.442 | 0.996
AP Anthrop. 0.79 0.897 0.79 1.367 1.328 | 0.956 1.661 1.613 1.161
ROT Anthrop. 1.237 1.177 1.136 1.163 1.012 | 0.932 1.413 1.230 1.132
ISO Anthrop. 0.969 1.173 0.969 0.921 1.032 | 0.833 1.119 1.254 1.013
FR-6 PSD
AP Slab 0.937 0.67 0.819 1.621 0.992 | 0.991
AP Anthrop. 0.641 0.631 0.815 1.109 0.934 | 0.986 1.354 1.140 1.204
ROT Anthrop. 0.843 0.593 0.933 0.792 0.510 | 0.765 0.968 0.623 0.934
ISO Anthrop. 0.836 0.56 0.815 0.794 0.493 | 0.701 0.970 0.602 0.856
Thermoluminescence dosemeters
UK-10 (TLD)
AP 0.997

Slab ‘

‘ 1.006 ‘ 0.995 ‘ 1.725 ‘ 1.489 ‘ 1.204‘
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AP Anthrop. | 0.944 0.973 | 0.979 1.633 1.440 | 1.185 1.641 1.447 | 1191
ROT Anthrop. | 1.151 1.148 | 1.181 1.082 0.987 | 0.968 1.087 0.992 | 0.973
IS0 Anthrop. | 1.072 1.071 | 1.091 1.018 0.942 | 0.938 1.024 0.947 | 0.943
FR-9 (TLD-PGP-1)

AP Slab 0.909 0.869 | 0.828 1.573 1.286 | 1.002

AP Anthrop. | 0.851 0.868 | 0.776 1.472 1.285 | 0.939 1.778 1.551 1.134
ROT Anthrop. | 1.025 0.956 | 1.007 0.964 0.822 | 0.826 1.164 0.993 | 0.997
IS0 Anthrop. | 0.845 0.828 | 0.823 0.803 0.729 | 0.708 0.970 0.880 | 0.855
US-22 (TLD)

AP Slab 0.863 0.936 | 0.925 1.493 1.385 | 1.119

AP Anthrop. | 0.792 0.933 | 0.909 1.370 1.381 | 1.100 1.481 1.493 | 1.189
ROT Anthrop. | 1.082 1.177 | 1.018 1.017 1.012 | 0.835 1.100 1.094 | 0.902
IS0 Anthrop. | 0.931 1.033 | 0.911 0.884 0.909 | 0.783 0.956 0.983 | 0.847

() ZEE%1Z. Thierry(2002) [18] Table 3 D#EEEF L 2R 2 (Readings / Hy(10)), /NEELLT OHEEITE
WMXDEETH D,
B, [F] Table 1 23 U T, ZF&b —~ |l H (Readings / air kerma),
FEX., AP slab 662keV 8 1.21 Sv/IGy & 725 X 9 ITHIE,

TNz, BEEBEBHEEEDP IS T =RV —=0MB L OV A MY o

DBRBETOREH L AR RAIF 3B TDOLHIIThoT-,

# 3.3.7 IARC #3CD 10 O EF % A 712 L T.NPP B LU MA OBEEICHE T D
L AR 2 (SviGy)

WRE S AT e s
NPP MA NPP MA
Old film dosemeters 1| FR-1 1.06 1.13 1.021 1.044
2 | US-2 1.07 1.11 1.030 1.053
3 | UK-2 1.01 0.96 1.064 1.085
4 | UK-5 1.15 1.21 1.022 1.069
1) 1.07 1.10 1.034 1.063
Multi-element film 5 | UK-9 1.07 1.09 1.029 1.051
dosemeters 6 | US-8 1.11 1.14 1.025 1.059
FR-6 1.00 0.99 1.023 1.043
1) 1.06 1.07 1.026 1.051
Thermoluminescence | 8 | UK-10 1.07 1.09 1.089 1.129
dosemeters 9 | FR-9 1.00 1.02 1.111 1.158
10 | US-22 1.02 1.04 1.034 1.048
) 1.03 1.05 1.078 1.112
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() #2388BL1E33.6015#%33.TOBBLOKeDELZRKDAH X utRT, RO
A7 YV FNTUTOEIIZEED,

# 2SR =~ U ORI L AR A (Sv/Gy) DT —F 7 L— 24 (K 3.3.6 D)
> B
apl18 ap208 ap662 isoll8 is0208 iso0662

FR-1 8.185 1.664 1.132 2.955 1.140 0.872
US-2 5.183 1.730 1.193 1.451 0.967 0.879
UK-2 0.744 1.118 1.187 0.379 0.402 0.946
UK-5 4.745 2.096 1.204 1.886 1.124 0.984
UK-9 2.005 1.494 1.156 1.331 0.783 0.975
US-8 1.661 1.613 1.161 1.119 1.254 1.013
FR-6 1.354 1.140 1.204 0.970 0.602 0.856
UK-10 1.641 1.447 1.191 1.024 0.947 0.943
FR-9 1.778 1.551 1.134 0.970 0.880 0.855
US-22 1.481 1.493 1.189 0.956 0.983 0.847

> wNPP<-c(. 0125, .0375, .45, .0125, .0375, .45)

> wMA<-c (. 025, .075, .4, .025, .075, .4)

> NPP<-round (apply (B, 1, function (x) exp (sum(log (x)*wNPP))), 2)
> MA<-round (apply (B, 1, function (x) exp(sum(log(x)*wMA))), 2)

> cbind (NPP, MA)

# NPP B L OMAIZEIT A3, T A B,y

NPP  MA
FR-1 1.06 1.13
Us-2 1.07 1.11
UK-2 1.01 0.96
UK-5 1.15 1.21
UK-9 1.07 1.09
Us-8 1.11 1.14
FR-6 1.00 0.99
UK-10 1.07 1.09
FR-9 1.00 1.02
US-22 1.02 1.04

# BRI~ BT REBEFI VAR ADRMENEDT—Z 7 L—L (£2.3.8)
> K

apl18 ap208 ap662 isoll8 is0208 iso662

FR-1 1.077 1.106 1.031 1.122 1.067 1.034
US-2 1.284 1.045 1.036 1.143 1.036 1.056
UK-2 1.079 1.088 1.134 1.029 1.013 1.056
UK-5 1.868 1.137 1.019 1.525 1.120 1.038
UK-9 1.113 1.077 1.038 1.136 1.045 1.052
US-8 1.158 1.111 1.028 1.059 1.227 1.045
FR-6 1.163 1.066 1.023 1.127 1.041 1.046
UK-10 1.065 1.111 1.150 1.039 1.054 1.137
FR-9 1.128 1.278 1.249 1.092 1.092 1.072
US-22 1.049 1.039 1.072 1.005 1.052 1.029

> K. npp<-round (apply (K, 1, function (x)

+ exp (1. 96%sqrt (sum( (log(x) /1. 96) "2%«wNPP"2)))), 3)
> K. ma<-round(apply (K, 1, function (x)

+ exp(sum(log(x)*wMA))), 3)

> cbind (K. npp, K.ma)

# NPP B L OMA IZBIT D AREEN S K,
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K.npp K. ma
FR-1 1.021 1.044
US-2 1.030 1.053
UK-2 1.064 1.085
UK-5 1.022 1.069
UK-9 1.029 1.051
US-8 1.025 1.059
FR-6 1.023 1.043
UK-10 1.089 1.129
FR-9 1.111 1.158
US-22 1.034 1.048
333 F£i®

B Z A T MRk 2 A SRR —~ YT R L AR L A (SvIGy)F L OVRRED X
I 3.3.80 LB,

#3.3.8 MERIX A T, Mgk ¥ A THIMERI LV AR A (Sv/Gy)

. . MEFHL AR 2 (Bo) NS (K)
MRELFT S A 7

NPP MA NPP MA
FB1 1.07 1.10 1.057 1.063
FB2 1.06 1.07 1.044 1.051
TLD 1.02 1.04 1.049 1.048
GB 1.02 1.02 1.004 1.003
EPD 1.00 1.01 1.011 1.011
OSL 1.06 1.08 1.037 1.033

(7 1) FB1 /X JIST B v ##H FB. FB2 X2 LISt D FB,
(7% 2) OSL DOfiiix LB Offfi,

B, A MNEEFEOFNESR L. BHEEEFEOBARETZ A THLT L EF—
TRV EWIFHIKIR D 5, FlxIX, —57 7 v FA—F—RFITIE, EFED LB %5 H
LCWaER, ZOFERITTENS R, 2F 0, BT hEEEOHENESE L T2 EPD
HDHNEGB ODMEFF VAR AZBHT DI EICE T, XA T APREL D ATHEMENR H
Ze LML, BEFHZA THOL AR ZADEFIREL TS 10%UNTH Y . KX 4R8E
TlE7Ze Wy,
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3.4 BOBEHR

3.4.1 HFzXNX—BIOTUA A MY HMAICET 5 IARC @ 3XOERED HARIZ 3R
REZRZ L DORREE

1980 AL D HAD NPP IZBITFAH <O R L X—S5HhB LU A A MU SHIZS
W, B 10 #03 EFTHEE Lk D 2 >OE T HLEI A RS (BrREE L W
9,.) MBI ENT, [35, 36]

Flo, WREBNR—NAVT 4 72 (K) POEMBRETOT o ~frx ¥ —451mIc i
TOMAEREEQ@NH RSN, [37]

O AT < BB B ) B2 B3 2 A gt) (BEFn 56-57(1981-82)4)
(CHBETEET Y TICBIT 50 v~ O = 3L —4540 & AF 7105510 %2 F14)

@ THUH BT X D80T < MR B TR OMENT I B9 2758 (EFn 59-61(1984-86) 4-)
(GEHRFFIZI U D T > <O = RV —0570 & i)

@ AT < BB TR0 AR 3 287581 (FEFD 58-59(1983-84)4)
(HREBNIREE R IRECB T 2 EMBRAE T O N o~ o 2L X —007 & i)

ZOMERERND, LLFOEY . AARD NPP 126 IARC OE L7c =L F—B LY
FA BV AAOPENEH AIRETH D Z LAVRS NI,

3.4.2 EHRETICBIT2ELMBEEDOHE

XD [3511%. WEFD 56-57(1981-82)4F (2 NPP i < & HE LB 2w Wima b EE .
UTNZBIT DT <O F =554 & AR F A OWTHEET>7c, ZDHBY
IZOWTHEFIL, [JRFDHBEITICB T 2 5EIEEB OINRHIL EFBLTIX, (BN
HICHEE LTV DEATE=H (7 4 VA8 y VB JOBEOLRER) O EEREMEICS
WC, EBROIEREBREL T CORBUR RS DRI /e & RN FESRE Ot i 8y D FH &
ISVl A L TH D) & LT, [56(1981)4E 1 (X B 8 o LA HH4A & PWR
77 v N TOPHRBREIT S & T, 5T(1982)4E 21T PWR & BWR OREMN T T > b
BOWTEERERTIEEXZY 7238 LE LT, AMREMEA (77 > hA) S48
R IE < BRERHmIZ BT A B EER 2 Fhi L 7= ) Lk RTWn B,

EEEOFERGEET Y 71X, PWR Tl 13 #/5, BWR Tl 22 #i5 Tdh 7=, PWR
TiE, BEFRBIERN 6 B AT, FMARRN 2 DETB X OL—7RN 5 WATEIRE L,
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F72. BWR Tid, #—E U &EN 2 VT, BEEWLHERN 2 BT, JRTFE2EN 9 VAT
BLORIAESRN 9 BTt g & Lic, did= ) 7 OREEIZ OV THEFIL, TEH
IREBIEENT L A LT XTHREEE LAY 7N TITON D0, F3BBoMEE
BREILHDZ LD, +0RREWEELFS>TNDLEDLEFHITE 5] LR TWND,

FAEET Y TIZRT 2 EERFUIT L~ TH Y, K341 08510, ZEMHRERITK
{& 0.02mR/H (0.2 1 Sv/h) & feris 90mR/H (0.9mSv/h) ORJICH Y | 1ZFE A EDIEETY 7T
$t~40mR/H (~0.4 mSv/h) TH - 7=, |

Fio. EMRA TR OF T 60Co (T v v/ F—1% 1.17 MeV 3 LU 1.33 MeV)
THDMN, AR, TH o~ BRI = 7L B — (TR % D % 2 % %215 T 800-1,000 keV
DOFPA L R DIEET Y THREN] LTV D,

AT

[EAEET Y 72T 2WER TOMSFBRG TEERIR CTH LT <O T, £D
TR =000 & FINAA AR Z &3, FEBREET CO/ANE = Z RIS ANET 7
I 2 BRI L D RN Y B0 72 & OFHIIC & o THRA L 22 215D 7o O EHE 22
BHHTHD, 20D, AU v MIghEeE Nal gz O CTRE N DT v~
BRI AADOMEEAT o712 LIRRTND, A DO A Y »v M, ZOALERERIC 9 {#F%
FonTniz, FAY v FOFRESWROBIZ LY AT MVEOREEIT ST,
WNT, B~ BEEmNHORNET — X 2K LT, VAR AITSEE WA~
MOTANX =BT L LICED, T ~vROBER L FH XL X —% RO
(1% 3.4.1),

56



Bw=x T W R rnﬂ-..rIElll;il QF%'[
ML Lo o L el N i 0 iaiirh [ T Met ] |
. WmEEsA e b P 1R Yl Y s | ad | eAs
4 EREERMAR ASN—-ar z=| Pt | 13
1 VOO aEs | Aen—-arL i | 4| e
4 RIS SRR A=GF 1 | e
Ba BUBRE=ITA AAB—1Fy ] ¥ | oaE
Eb. RIRMET ) TH fl="a F | & NEE
B Rnnaf= 2, =N rL ] R 141
EA T o Bl e m—ar:.:l 2z | pra
b A-FRARH Crv-ar i1 24 | #wa
N FSEEBer Pl | a- 1 go | &N
I8 TAEER - rh—aT n— W 1 id -
11 EwiEg-—17IR = ! D B.oa
R 1 s TF ] 18 | oig
R 5 ir=7s i an. | 0a1

i WL
' Bow o @ RE (mR) iy
RE=1 _:r Raiiy | |I|1|JI';I { e i | |J_|_|_|I:II:":I Eﬁ‘l‘-“ﬁ
1. MEFrasm 11— 1F1] 023 035
I & 1} = TA0-1FL—- LE § B.TT
1 ARl s g IBE=1FL 1 25 | 099
i, EiEibipy s s 135 B P —— ] 1,10
i EHerxtT LN—%FL I nas
4 RsA aMfEMET [ BT o N E— 4 nan
1. RTPF Al —5rL ] = |1p=
An, TRDHWSA Pt b | o P ot — | 46 | BAT
b, L IHEFR 0 (T et il M L] LIE-T
C I 8 o [Fog . .12 Y df | glan
PO DTSRI E] 8 Y —— | T
11 W by e L1 15 | QAR
[2 MiEkHErAb [T Y ] aso
T BB Py e s A=BFL— 1 a5 | m@a
14, s =My O IF L f— 3 Ll
Pha, TR, kL rRia 4 CY—=2FL 1 LA gt
1 5%, ¥ dF, ALAMAN CYy=2FL | ia it
1l RETR - DOVACTE 8 CV=32F ] ] [eX1 8.
17, PLA V- a Ry [POV-DFLT I 2t | 04
It PLE=—2ARH FCV—1F ! o LnF
9, SRR Efiy 5 of o
20 BEES R POV=1FL I 14 105
2 =tFa s hEv-aF —J 80§ raL
T BT e TRl Lt o1 ) IS—————— | oy

[FH W

BA BEFATSY HESEET | Tk s nHBemRkE

ERHEAT « [35]

3.4.1 NPP & it th o= U 7 jl ) = p L% —

57




(%)

NPP O EMBAEF O H <o FEFIL 60Co (F o~ frmr/L¥—1.17 MeV B L)
1.33 MeV) Th 523, BEmCRKMEE DD OBEL T K= R VX — T o~ b FET 5,
ZHAASK Nal HHER CHIE T REN v XN F =M Th b, LTHAMN, AU v b
fHEnes & Nal BitasOEE D, WESRN TORELRH D Z L ICHERKLETH 5,

Nal B HZROREREIL, BEEERIC X - TAHE U ArERL - OEB) = 1L X — & K Al

BERNICEZDZETHD, 2FV, W~ L HEHEE T2 Nal fifids v FL—%)

DfEGITEPN 2 EF A m= /L X —IRE (BhERiB) 1T L. RhERES R ERRRIZR
EEID, DERT T L= a r EMHINDEOCERT D, ZONENEFEHEE (T
h=/L) TR L, SR/ VAR EFICE S T, BURIESR & LTHWS

T BE, O FNX =L > T, Nal fifh 2 @il 2808 80 @m DI (g
HR) N R D L WO BMER D D, £72, To~BoERBHEER FHEER) ik, A
VIBOIFET R TCOZRF—2E G2 D EHE L EHAITE ER T R VX
—DORKEFNEL DAL T N UHELNRE DR D, HENRIIT o~ OB XL —%
WOEE IG5 25720, REHRTHRAE LIHEAREITT Vo~ B x L =235, o
FU, HOBEFWETIUE, KFZIAX—FMBENTED, LA, 2T
BELIROIFAEDT=DIZ, Nal figaN TOFRNT R NF— KGRI NVAZ T o N LT
VBRI E A TTIE, AR TRV R BN ERELL EICE HIEIND LD S T AR
AT D,

Z D7z Nal faa OIIR, EE ORMEEIIN U TH o~ B2 B & i 3 5 B8
H5, HlzIE, BN TR HED Nal(TD) > v F L—1 a3 VR ERO v BRISE B S D 3%
{5 & 3Bk [45]0 Fig.2 Tk, HERET R X—H o~ OB IV A PE AT b L& FIR
LTW5,

AT NG ONAT ARRET HT2DIT, FFETRVX —X gD o~ h
LTz &N o~ MR IATT — Z & IIMERR LTz U AR 2175|0475 % . Nal
m SCHRONTZEET — ORI T 2 Z 812k, To~vBOm X —310 215372

. EMFERE EITR R TV S,

SCHk[34] TICRP B)E 23S < Ehi Y B O BIGHIE TR T 25T B Rt
AT (HEF0 60(1985)4F- 4 A) 1%, kD, OITIT DB F M54 & =R F—5340 D
HIETFIEICBT D HATHIREIRE R AT £ & Db D TH D,

M EE I, SHREENRFHICEN B IREHICBNT, T vOoz 3L
F—BLOHMSMEET 570, K 3.4.2 17T & 9 2RERE 2 A > F O Nal #igs
o7 lEEEEZRIELZ, ZOMEEBII Ny 7 7T 0 RORELZ/ NS T 57200
R T — L R 2HEIC R > TRY . FFEHFAPLDOHT o~ #a L CHITE %
o1z, AV » MHPABEZREA~y Rix bk L1z, $afasD A Y v hE& LTiE, £odt
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PEREBIZ b, LR 45° M 8 B oD 4 5, & HIZHRE B0 4 553 5 OF 9 H ONALEIZEK
Tz,

2V MEAPARE DT o~ BRI, EEafi e LCHE SN, OGS T — % D
O VAR ZITAINEDOEMIZ LY T~ OV F = HiaitiT 5 2 LN TE T,

I7 4P
|--

Lq'l

=H

| -
Lﬂ___j
LA b8 - S

(24 2 F BTE NaT g i)

BI1. Nal#H@I L 2 @A H >~ <= 4 o ¥ — ANEEROBE

ERHHAT « [34]
%] 3.4.2 IR EZEORHETHWIZHEREE (XY v MIghaEEs & Nal fiigs)
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3421 EHREPOVAA MY HH

# 3.43 06, EHMATOEROEFET Y 7 T, H—ORMIERO X 5 (ZHH MRS
i LR TN Z LB bz, REEREDN T L LTSRS DRid71A £ 72i3mi L5
M2 ERRIE ST AN 72 > TV DG E DR E o T2,

# 3.4.31%. AV v MIWENELERE L FHRFEHFMICHE L L SO/ R TH L, Wb
X, EEENESFT CEMIE ST > Tl L TV AREDHIZ A A N 2 &
Wi 5, ROOFIHMI L O@FT_EH M OEIE OV 41%(IQR: 10-70%, PWR -
46%.BWR F# 39%)((E) T D . iz AP & A 783 TARC 7300 AP B4 % %) 50%.,
Ly (10-80%) E R E LTI Z EEFFL TV D,

(75) PWR OHE & 13, 72 5N, BWR @ 1 38 L OV5 1L, F R OFEH A 22V 0 T4+ L7z,

TSN AT, BIAFEREIL, ERIEETOEBOEEEOFERNEZHDZ L& H
)& LT, FERERELZORNO BT AHRE LTV, BEEEIEL TR E L= BhEffT &
RHETND, ZORE., WEEBOBEIEIL. FrEHFMICh AEEOBEIZ L& AN
FERPFANRLT ) BBUAL, EHER R REWV] T EnbhoTz (F34.4),

7% 3.4.412 8 % & | [BHREEMATIC L 2 A7 O sy HA 13 ) 37% (IQR: 23-48%)
Tholo, BHEEMEDORER, ERFEFBBAIAR Tho7-E LTH, EIEEFOMIEL Y
A A N VIZEWT, ROT X ISO OEIAZ LT FacE G Lz Z EidbnoTz,

AIRCDALERER STy © Ak, 2 b % B B EFORD P H D Z L 2EET D &,
TEEH ORI A A FVIZROT L0 6 ISO & AT ONE ThH -7z,
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3.4.5 1%, EHRET D PWR(EE)F L O BWR(TFE)ORENREEZ Y T x4 7
FIZHONWT, Hor vz R X —227 MLORIEZ 57T, %275 7 O3 T o ~#
TRAF—(MeV) T, HIEIL3MeV £TIToTWNHR, 77715005 1.6 MeV £ THER
LTCW5%, fiEdhiEst R (PWR: counts/40 sec, BWR: counts/80 sec) D Hxt & TH - 7=,
Thbb, ZOMIIT~BEENMERT, Ll MEOTZ R =512 r T KK
FEREFCITEER I TR T,

ZZC, V77 BHTHARY . —EDRED TIZ, MEDOTRLF— Azl L

TR, & 3.4.6 DX HIZ, 0.1-0.3 MeV O EFIAIL, 8 WATDFH) 11% IQR: 4-13%.
PWR ¥#) 9%, BWR ¥ 14%) T 0 . IARC # SCOMMEHIPHNTH D 2 &b o Tz,

#3.4.6 TEHIRAE O R LF =0T O RERR

PWR BWR
. | ARRFEE | RS | R ) JRFFE | R
RHR AR | L—7 T A
s | NORER | BRx U Yol | =LA
v7E | ®BAN A LN
—J/VF [if] = N a—F
0.1-0.3 MeV
3.2 14.1 6.0 13.2 4.0 2.7 9.5 38.4
DOEIE (%)

() WRpAT — & OfFfTE GE) 12201 T
® Nal & /047 — # (PHC: pulse height count)’» 5 T 3L X —BI#R EE|I G OHEF 71k
k%5, PWR O [7KGHAEdw~ HA—/V T ZFIC LT, BLTICRT,

1) 4D e L) OIS T 70, Ho~wBTrLF—X5 (0.1 MeVIE) Z &I
0.1-1.6 MeV S0 #E A2 HR Cit 2Bt~ 7=, ZDOfEi% PHC &S,

W7 —4
0.10.20.30.40506070809101L11L213141516 (MeV)

77 251 194 158 123 105 105 74 57 46 42 36 26 18 12 9 (HfL 1000 counts/40 sec)

® PHC/»H, =7 b UBEERD Z Y BT, =X —BIAFDEF e #iGHd 5 2
& % unfolding, 72, unfolding L7= b DEMIEFHA T b T —H LIRS,
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2) bLEWVWIT LT —X5r 1.6 MeVIE)DOFHERIZ, ORIV F—XK 5D H o~ HRICH
T HLEDOEIRE LT,
(F) T=x ¥ —X4r 1.6 MeV] 1E. X[ 1.5-1.6 MeV # &35, (LLTFFRER

3) mbmEWVTRAF =Xy 1.6 MeV OFHECRICHIGT 5307 b BE D E2, £k D
HARNT R F — Ky DFHEEN G E LIV,

a7 b UBGELE S OHERHIZIE, T R sEETERE [ICRP #5125 < bt i &
OB ETFIEICET 285 840X 2(4) 3¢ EBKE Nal g L AR 21750(0-3
MeV H)ZFIH L7z,
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I 7.

Lj.r o B 4 & & F OB @ T F & B O/ ¥ OOOT 6 W OF 4 OB & KN B 4 b A}
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IT Lo 020 B e AN oo B T.L A I 1 1T T L RS T T I - A O 1 - 1 1 ] ] L 5 ] ] B4 [ [
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F.o B0 M I - TR [T | - Ay PR R T R R (- I T i & & & 0 @ B0 @1 @
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T [IL JREE L 01T BAT 0K BT LoD L ERE A BB L AEY XD LR 00T N3 olh L BYE LB 0% BM I BIL B OB & 0 0 B0
b O TR T (T SO il T I ST T T S O TR N A L Y RO RIS L 1] (] ] '] g ]
| et ST LT Y R THJO 6 I TR AR O v A B = v -1 e 7 [ - - Y 1) 1 L] Q § ]
£ 20 P E IR T IO T TS Y T S IR TR - T ST T 1 R T R T O T T O L 1 R -] TR S -}
GO T E S - [ 1 B 11 T B TE T O 10 B T TR G IO T R S T (L T O S Y O B I 1 ] B ]
a7 oD AT 4 -]

PR 3 1 B LN T T T T T TR S WY -3 [ Tl LI 11T T G T

b B CLRE LR e LR L L L [ i LI 1RSI ) 2 L S T & E IO T O T A N L T L TTIO ?
b LAY L LA R RS o R L R O IR I -1 -1 T T - [ 1 - L
WL HE AR 00 ML 08 BTN G0N 000 LERE L GCR 0E BN L 00R 0B 001 B0 LAED IR L0 omed R R L30T CBGE _AED N1 N30 AR ESD aM

o
-

W A P ERAS Nal M EER V2 S 25 TR (0 — 3 MeV AL

Thbb, VAR A% MG, j) G, j=1...8300 & L7z L &, =L F—X%) 1.6 MeV &
DRV 2L =X j (=1...15)D = > 7 b UEELEEER 2 M(16, ) / M(16, 16) & A7 L 7=,

BEANFZF LXK (7)) ZLic, TNLVEDZ LT —RFGFNDOF ¥ DA
YIMRIZEEND 2T N UOBELLLEREZ LT O X 5Tk,

0.2 : 0.10 1.00

0.3 ¢ 0.21 0.08 1.00

0.4 : 0.27 0.22 0.03 1.00

0.5 : 0.29 0.23 0.22 0.01 1.00

0.6 : 0.23 0.23 0.22 0.25 0.02 1.00

0.7 ¢ 0.23 0.23 0.23 0.27 0.22 0.02 1. 00

0.8 : 0.21 0.21 0.21 0.24 0.28 0.20 0.02 1. 00

0.9 ¢ 0.21 0.21 0.21 0.22 0.24 0.28 0.20 0.04 1.00
1.0+ 0.21 0.21 0.21 0.21 0.22 0.23 0.29 0.20 0.05 1.00
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1.1 ¢ 0.20 0.20 0.20 0.21 0.21 0.22 0.27 0.26 0.18 0.06 1.00

1.2 ¢ 0.20 0.20 0.20 0.20 0.21 0.22 0.22 0.28 0.29 0.17 0.07 1.00

1.3 ¢ 0.19 0.19 0.21 0.21 0.21 0.21 0.26 0.26 0.32 0.35 0.18 0.25 1.00

1.4 ¢ 0.19 0.19 0.19 0.20 0.22 0.22 0.22 0.26 0.29 0.34 0.38 0.18 0.29 1.00

1.5 ¢ 0.18 0.18 0.19 0.19 0.19 0.21 0.22 0.23 0.25 0.29 0.33 0.40 0.17 0.27 1.00

1.6 © 0.19 0.19 0.19 0.19 0.19 0.20 0.20 0.19 0.24 0.27 0.31 0.34 0.41 0.19 0.23 1.00
MeV : 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6

PHC O3 /)L¥—[X%5 1.6 MeV OFH#R 9] 12, EFRD 1.6 MeV 7D T X)L ¥ —[X55
jOary T NUOBELLEREFE U EE . PHC D= RV X—X 5y ] OFtHEERN 5L\,

4) WIZEWT R X=X 1.5 MeV OFHEIZOWT, 3 LRED Z & 21TV, FR, &b
WX LF—XGETITo7 WEFI VY T =2 DR, ZO7 vt AZKRT 5
ERDEMIFHD L HITREND, ZOTav AL, a7 b ABRELES ZNERE LT
< FUEMD Stripping 15 & XD,

T72bb, 1.5 MeV DITOMEIL, 1.6 MeV DAF o~y 9] A LIZEE, Zhizk -
THCTzar 7 b iEE %, 1.5 MeV LN O L F—X b2 LW b D Th
%o WIZT, 1.5 MeV OFTD 1.5 MeV =3 /LX¥—[X 530 [10] BAHF LIz X, UL -
THELEary 7 boEElE S %2, 1.4 MeV UL FOT R VX =Ky b#EL5]<,

ZIE 0.2 MeV OITE T IR L7=,

MeV @ 0.10.20.30.40.50.60.70.80.91.01.11.21.31.41.51.6
77 251 194 158 123 105 105 74 57 46 42 36 26 18 12 9
75 249 192 156 121 103 103 72 55 44 39 33 22 16 10

74 248 190 154 119 101 101 70 52 41 36 29 21 14

71 245 188 152 116 98 98 66 48 36 31 27 17

68 242 184 148 113 95 94 62 43 30 28 22

63 237 180 144 108 90 89 56 36 26 26

58 232 175 138 103 84 82 49 32 25

53 227 169 133 97 78 T4 44 30

47 221 163 126 90 70 68 43

37 211 154 116 78 61 67

22 196 138 98 63 59

182 125 83 62

168 111 82

150 109

142

CLLLLLLLLLl H P
DO W TN 0O O MW Ul

S O O @

c
=]
jury
—
o
o

142 109 82 62 59 67 43 30 25 26 22 17 14 10 9

I FTunfld)ix, =AFT5IOXHARS Z B0 H L7 6 O T, Unfolding 217> 724D, 21>
7 UEGELE A A B RV EE A T v T —2 Th D (HAL 1000 counts/40 sec) .

® HEFHLDTY MT —H % y BAICHE L, IRWTERY —~RITHE LT,
5) HiEFE AT hF—4 %, Nal RHSBOT R L —RIMHRELS ZE LT, = xL¥—
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oAy R (Flux) I ZHE L7z (BAAL 1073 y lem%/sec) , BRHUEEIZ DWW T, STHRSE
INal(TD > > F L— g v AT b A —Z g o0riE) [46]0% 7.3 X TNal(TD) > > 5
L— g VRO y 3R (%) ] OV 5 72 AR Tl . FnE M L,

TR X — X535y FRER (Flux)
0.10.20.3040506070809 11.11.21.31.41.51.6 (MeV)

0 54 53 49 47 52 69 50 39 35 38 35 28 25 19 19 (HA{iZ 10° y /cm?/sec)

6) =X =5y R (Flux) & = R/ X —HI2ER 0 —~ IR L2 (EAL 1015 Gy/h),
TN A s F— HREARH(1012 Gy em2)iX, ICRP Publ. 74 [9] @ Table A.1 % kAT
Misedest L, W@H Lz, o= puX—RifEE (R —~F) &2 0.3 MeV Al
BEIGZ RO,

TR F R T —~ 3R
0.10.20.3040.50607080910111213141516 (MeV)

0 50 74 91 110 144 218 180 156 154 182 181 154 144 118 123 (Hifiz 107° Gy/h)

TRV X— A
0.3 MeV AJifi : 0.3 MeV LI E =124:1954 =6 %: 94 %

AR CHWE Nal(TDHHER OB — 7 ¢ iR (%) BLORT7 LT R - —< i
Bii¥(10 12 Gy ecm) TR MO L BV,

= =
o T o =13 - ©
- E-DEt s ER(E) -
o L o ¢
[T5) [te} £
o
2 &
= &
o o o ]
s & R
] .
S $
< o L 2@ X
© <
S - -
I3 ©
> £
[l Q
3 @ ) L v <
s © TNIVA-H—HRER(E) o x5
— o
: :
w o
c
o | | « 1)
[=] =] =
c
S L =
o o

T T T T T
0.1 0.2 0.5 1.0 2.0

Energy level (MeV)
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® ETHM L7 Unfolding DEMEZRKO X 5IC 1 KON T 7 TR LT, R
DT —=ZIFE TR OHE PR REL | RN RLF—H o DEIG R RKRE VD,
Unfolding DEREZ#E D Z & 1Z, HEXDFRCE 72D | RN =R L —E 0 OFIE 03/
S RDHZENDLND,

PWR ZEK[RERIVK—IT

© 7 o KESTH(PHC)
o WEFHIVITA
A yHRER(Flux)
- + RN
#H o« -
m
E
&
HE
P
o~ 4

T T T T
0.0 05 1.0 15

Energy (MeV)

()Y o B, ol KOWIEF I v > b7 — X OHALE counts/40 sec,
y B DO HALIE 1073y fem2/sec, 2250 —~ RO HIE 10715 Gy/h,

3.4.2.3 EHREFHOZINX—HMHICET 2 HRAEIRESRE

BIFRAEEOIL, EPMRET ORI F A E2 KRN OEICHEARD Z LN TE R
MoT=DT, —EDRED FICRAEEIT -T2, ZOREOZYBMEEZRIET D722, D
7o O CTEINEAEIRE R O TR LXF =0T SREEROREARES LizL 2 A,
HIBNAR—NT 47 () THEEQNHD Z LV LT,

ZOWEETNIL, BF1 58(1983)4F 10 H-59(1984)4F 3 HIZ, HWES (4K fHk
F— R JIEAHBWRICE W T, FEEE(ETY 7 OSAIRNE LA Lz, i
KEOMEETY 713, 3 SHAEB L O 1 SR TR 5 BH Th-o7-,

T ~BOEZXNX—=0AOREFEIL, ELFREEOQLFKThH o7, Fz, &H
EITORERICONTIEE 2, WRSMTET TR, X VF RGBT~ #isE R X
N L X —RIHR &R 5 ROMAT SR NP KE TR BRI S T\ e, =)L X —RI S
FRET 52 ORERF D 200-300 keV X5 OFUEAY, 300 keV A &HIG 477~ LTV,
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300 keV Ajiift &HI S (%)
5 10 15 20

! ! |

o

R/B-S5FL- )L 1&
R/B-5FL-7>/ < 37 &l
R/B-2FL-RCW/Hx
R/B-3FL-CRD'J X7 E/A
R/B-3FL-CRD'J X7 Z/B
R/B-2FL CUWR /A
R/B-3FL-CRD'J X7 ZE/D
R/B-3FL-CRDX 7 E/E
R/B-SFL BEEE% 1%
D/W-1FLXF 22 L /A
D/W-1FLRF 24/ /B
R/B-3FL RHRT > /C
R/B-1FL MSIVSt 32

R/B-3FL: FPC/Hx

T/B2FL: & EF—E 14
RW/B-BFL /NA RS =027
D/W-1FL: X7 2% A0
D/W-1FLXF 2&JL.C
R/B-5FL ™ )L 1& (K(F V) %)
R/B-5FL 7 i a Al (KIZY )
D/W-1Fl: PLRA Y T
D/W-1FI: MSIVA #

T/B-BFL: Rw bzl
R/B-2FL fFK Y T T 5w
D/W-2FL SV; RV
D/W-2FLN2./ 2L
RW/B-1FLR T 7
R/B-1FL D/W A O

R/B-2FL FPC/Hx

R/B-2FL CUW /D
R/B-2FL CUW > F(A)
R/B-2FL ALF&ER %

() K oMFNIKRD B Y, R/B: Reactor Building, D/W: Dry Well, T/B Turbin Building, RW/B:
Radioactive Waste Treatment Building, RCW: Reactor Building Closed Cooling Water System,
CRD: Control Rod Drive, CUW: Reactor Water Cleanup System, RHR: Residual Heat Removal
System, FPC: Fuel Pool Cooling and Cleanup System, PLR: Primary Loop Recirculation System,
MSIV: Main System Isolation Valve,

TEF 4 1% Information Portal for the Fukushima Daiichi Accident Analysis and Decommissioning
Activities (https:/fdada.info/develop/home/abbrev/, ##7 7 & A:20190325) (Z& 5,

ERHHPT « [BTIO R B IR EE — R ERT 3 SIS TICkiT o o~
TR L 2 — BT SRR SR OKIFR & FECRR L T2,

3.4.7T EHBAT O X =31 (300keV Ak EEI5)



Xl 3.4.7 1%, 3 FHEIZBT DHIEHS (R TIFIENRIEED~y A TIEEEZRLS) OfER
EELEOEHLDOTH D, 300 keV Kk & E A& X HHMOTEE T 7.2% IQR: 4.7-8.7%) . KT
H 20% A0 & . IARC SO ERPFANTH D Z & 2 LT,

— 07, JENREE~Y RATRHEOZ VX —0401E 1 BHETHIE Lz, [ENRIE~y B4
THEERHZIE, ~y ROBIZHED T O =RV F — A BN TR EN D729
JIEX AT D 3 A »F MG Nal ik & U1 B8R 147 5 B & = AARIZ B T
2 BRIV X — A0 OGN E 21T > 7o, JTENRER~ v REHREO BEFERIIZ . 300keV
RiEE A2 E Lz (£ 3.4.8),

* 3.4.8 JENEZ~ RO =1L =31k
(R 8 55— I - 1 FE AT 1 5% b B 7 = /L AR)

JES145 4~ NBR R D Bt b 300 keV AKil# EEIE (%)
PCV ~ v RNBAKHT 5 BERH (7 IPTEY)) 125
PCV ~ RNBAJkHI A 7.6
PCV ~ > FBIAERT 13.2
PCV ~v R = L 20.3
PCV ~v R 5 BER H 21.1
PCV ~v RBAAL 27.4
N7 A YBENE ¥ =/ KEF (2 BPTF) 11.0

GEHHPT « BT OB B RS S I3EEAT 1 54 PCV ~ > RBAKEF D B BRI E
SN U~ R R X — BB E SRR R R DXFR & R IERR LT,

PCV (Primary Containment Vessel)~ > FBH&HT O R 1IFHE 5 BEmiZ31F 5 300 keV
AR EI 1TV 13% T, 3 SHEORTERR LB L Tz, PCV ~ v FOBIKIESEN
HTIZON T, FRT R F—HITIR A | 1EE< BN, ZOHAITEH 0-300 keV 20T
DART N =T o~ MROMEEIEIL 2T% IR E R0 > T, BB ENVET R X —T7
~REIE DN D01, FrLOH U~ BB RIFTHES D720 & A BNDH, PCV ~
RA TR TH O T = UK FEZIE, 300 keV RIHREEIA X, PCV ~v RBHILHTOMM
WCR-> 7T,

® EHRETON VMR —AMICONT, RE T2 < @i ETHEEE» o
PEEOIZ LLER AT RE 7R 2 T 300 keV AliifR & EIA 23, TARC #a X OEE E.I*J’CE%%)&
PR 70T, mIfiC I T D@ T — &2 02 b =R L X R EEIA ORE 1L
MEBRIRBEDTHDHZ EDNHERTE T,
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3.4.3 EEHIIRBIT 3 ELMHREEOME

KD [3611%. E B A RE & 1T AU RO AR B 7 2 iR RF O NPP 235 1T 5 E =%
VX — T o MOMEESAR L O F =R A RS 5 2 LA BE LT, 17
1 59-61(1984-1986)F- I FHE L7z, 72d. W~ RO G RDAIZ DN TITRAE L7205
7o WELFTX, BWR 5 2 77 F&RO, G 19 DT TH U~ o L ¥ —0040 %
E LTz, £72, PWR D 2770 F&ERD, # 9 WP CH v R X—0Am 2 HE L
77

3.4.3.1 FEETDBWR 75 FDZRALE 5T

YEHE O BWR Tl 60Co LV IZAMICE R X —D @ o~ N RAT AEFTNH
STz, ZREIL 16N B LN 15C T, ARDOMIVUIIH > TREI L 2R b EmT= R L ¥ —H =i
L TWD Z ooz,

> B1) ORBBMNR(X)

— v W(R

e -x.,"'". MEIVE Rk | 1.... g/n s -ramn "y a“‘l'———‘l
Bt - . T B St
ol Yo, | . s “rei | R
P R e Qoopomeemee [T R t A -- 1
1 . o !
o - 1 - e Yius YR e } Sogrt- v, l
» -+ ot [ ] ey aany + -‘-;.' !
| I J '... .l | ] Yass L 2slesse
.0 2 : . ’ . : ‘ . L H 4 s .
20 vous T = b I
. ""'o. | AREsr-¥2AD r'.". 1 gfc-sRAC ® | cuwe e
!‘l'.l.‘,".‘.. : il . P ¥ - | Pt A ey } + e A e
- ‘ - - v { ! . LT, o |
- | “ e —tg . L ) |
D ek Shtn anmms | i 1 Tea, | B it LLLT] TT TR
- . N S P S . { SN SN Y S i e
“ | ] | : ! ".'n'..
- } {- ) NN——— » - . : ! B J
» ‘ ; Vone, 5 ! — |
- - .
e 3 ‘ Y ° ? : ¢ 1
ey 100 OWTE rr, ——F R
-, [ RE7-C R0 e I Ly . ';"“l-...."'n.'r-_a._;l‘,_
" .'. . i d | ) LT [ ™ |
[ S DR I B I B B SN P I [—— gl I N R PR, TSRS,
TR ‘.?"O' --dq- ! L. et mamm ' 'n'.. s o ."?Il
: | ! 1 ~et! 1 |
L2 Sammn - “ ‘ ‘) | |
20 4 . R Sk P - »  Shmemmama t g e ' - l
.'I I '.'5 ! . TT T | _J [
‘3 . 2 . s.. 1 '3 ? 4 . [ . . [
e Ve W IR ¥ =B (MeV)
B3 BHEFHARBNRSHAEAFRCEYIY 77RO 2 v ¥-HAREHT

EREHAT « [36]
% 3.4.9 E#zH O BWR O % /)L¥ —45 4
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X 3.4.9 1%, HEPEAIEME T HREFT (BWR) OFMEMRERFTICE T 50~ e
N —=RBEEERTH T, Bl h o~ rL¥— MeV)T, 0.2 MeV HETO A
5 8MeV £ TERINTND, MEITLFETF A —LL EOT >~ O RBERES 5%
#T, LEEMR->T, 0.1 MeV i, 0.3MeV sk L3 MeV SO TGO ZZ LI a,
b, ctlLzt&, (ab): (b—c)75> 0.1-0.3 MeV : 0.3-3 MeV OfEERIG L0 D, 777 %%
B TFER N DR D &L 0.1-0.3 MeV OFEEIAIL., 4%0°5 11%DFPHICH Y (9
B T DM 7%, IQR: 5-8%) . BFBTe42 IARC i L OEHRPHN TH D Z & Nb o T,

2B, X 3.4.9 1%, EHEFICIE 3MeV UL EDOH U~ B YEIATFETHZ LR LT
Wiz, LU, R BRI IC A D O 13 R B 38 X OVRSRRE B S & 4 1CBR B,
A SR 50 DT, HERBREBIEER OFAFIE < s LTiE, 3MeV L LD
VIMOFHII NIV EZZ DD,

3.4.3.2 EEH DO PWR 77 v bDZRNLF—40

HEEH O PWR TliX, M= AX—H U ~v#HBNRD 615 DI, B FHRAEHENB IO
ZTOIFEHZT vy IHiIIE T THoTz, BN LD HHEICT R LF—D WA Feln,
YNC L DA~ BNBIET D Z L 3bh oz,

X 3.4.10 1%, BHFEE R EN (PWR) OXFERELITICE T 20 v ~O= 3 LF
—RIMERGHE ThH o7, K3.49 LFEETH D23, #llhE 0.2 MeV HIFET 0225 9 MeV
FTERLTHS,
FIZ X0, B AFTOFELFTIZEIT S 0.1-0.3 MeV OMEEI S 2T D L. 3% 5
18%D#IPHICH W (5 HETDOHLMAEY 11%., IQR : 11-13%) . JEEZHF D PWR ICHOWTHE
B IARC @ X OBEHPANTH D Z L BbroTz,
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3.4.10 HE#zH D PWR O R L¥—45 4
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344 XL

# 3.4.11 FBHWEREEITES L T o~ O AH 718 O R (%)

TERH TERRH
TR R IARC @
N AT BWR PWR
BWR PWR B B FEER
(22 7 FT) (13 77 A7)

Mean 39 46 50
AP 0EIEL IQR AL 4-72 16-62 —
Range 0-94 5-100 10-80

(ED AV MISRAERER 2 THIEDT I FHE L7z & & OffR
(7 2) Mean [FFRAEEFTO BATE) . IQR (355 1 WAL~ 3 WUALOHEF, Range (3 5/~ RO HiFH

# 3.4.12 BIAFREFEICIH S A U~ RO = R L =454 D R (%)

ECTREE TEHE ERR TERRH
IARC @
T ARLF—5AR BWR PWR BWR PWR
- B TR EHPH
(9 A7) (5 J FT) (4 HF) (4 HF)
Mean 7 11 14 9 10
0.1-0.3 MeV
IQR 5-8 11-13 4-17 5-13 —
DOEIL
Range 4-11 3-18 3-38 3-14 5-20

NPP OEMRFINZINT D AR FAIZHONT, #iE L2 BIERS Tl AP i3 50%
(ZIEDRVD, BT A IREIC K DFEEEE OB X 2% D L I A A S U D AP HI
Al IARCFRXDMEL FETHHDOTIERNWEZ X b, £, BEEFOAH G mO
AT TRV EHRE T & R &M L TE R,

NPP D=3 /LF—A0COW T, SEBIRP OHEFHE R ds L OVEHIR AT ORERERIT. 1%
& EDOREREFTC, TARC fa X ORRERPHNIZH D,

L7=23> T, BAD NPP OEHKREF B L OSEEFH O RIE, S Tromxrx—74
B LOVA A MU, TARC f XOME EFET 5 b DO TiERY, J-EPISODE @
5V IHIRHTI A W- BT — 21X 1957-2010 4EEECTh 5723, BIFHES TS £ 5 S
IREA D 1980 FEROFAET — 4% Th D, BHATIL 1980 RO EACI xR OFE R, fREE
IIRE KT LA, BWR, PWR OFEFOMEE, SIROFRE, (EEEOEENRITE
APNZREZRIBEDTR VDT, ZOZRAF—BLOTA A b 5340 OfE R IT2HIRH 2 1%
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KTDHEBZTHREL2W, TRDBLIARCHR LD R AT —BI OV A N OIRE %,
AARICHEHAT 2 Z S NN btz

3.5 HARABRABMT 7 FADREK T —~< Y720 GG E
3.5.1 JM103/RCP-AM Jjgss#i &t

a—H VA RETNORCP-AM EHERAFET 7> F AL IM-103 HARARA BT 7
¥ N ADZER T —~ STV R B L OHEERE IR 351 0BV TH D, =RLF—I(T
DWTIX, WHIEIZL Y, 0.119, 0.207 B L1 0.662 MeV OfE 2 HEF L7,

¥, REFREREOFEAIEL, FOIERBEE V5 RCP-AM & B & /L% —
NfRE % 5D JM-103 TiEi72 5720, JM-103 O FEICAHbE T, Mih s b ERET RIL
X —WRIRECE -V CRHR LT, MiE OFHE 1AL 200 keV KiiI272 5 L ENRR OIS X
N2 B3, AEIOZ L F—HPHTIIH E D EZN TR,

FER. . B 7 & O g CiEs a2 11EW 2 i, RCP-AM (=—# YV A4 R)
& JM-103 (HAN) THREMNREEOENNSNZ LE2FERL TV,

3.5.2 JM-103 DZER 1 —~ Y7~V [fimiiE

ICRP Publ. 116 [10] TH2ft & T 5 RCP-AM D285 7 —~ 47 0 ggafp &2, Eito
JM103/ RCP-AM gt b # - U CIRO =R LX— DA A N U B IO OWN T,
JM-103 DZER T —~ K72V st &2 51H5H L2 (K 3.5.2),

+ TF/LF—:0.1,0.15, 0.2, 0.3, 0.6 33 L 1} 0.8 MeV,
EHICHIRIC L D HERF L7= 0.119, 0.207 B X1 0.662 MeV
s VA ANY AP B X OVISO
- gy - DR AEMBIE] 5. AREEHE, B, B, TR, HZE. MR, A
RISEHR. FERE. T,

BEBT A B b, ol

75



# 3.5.1 JM103/RCP-AM iz it bt

AP UF AN

ligestss HFrzLF— (MeV) W (MeV)

0.1 0.15 0.2 0.3 0.6 0.8 0.119 | 0.207 | 0.662
Fh G 1.025 | 1.028 | 1.031 | 1.030 | 1.030 | 1.025 1.026 | 1.031 | 1.028
REE 0.890 | 0.926 | 0.941 | 0.965 | 0.980 | 0.987 0.904 | 0.943 | 0.983
i 0.949 | 0.949 | 0.953 | 0.967 | 0.965 | 0.977 0.949 | 0.954 | 0.969
H 1.082 | 1.069 | 1.074 | 1.078 | 1.053 | 1.052 1.077 | 1.075 | 1.053
JFF i 1.089 | 1.091 | 1.092 | 1.092 | 1.076 | 1.069 1.090 | 1.092 | 1.074
[l 1.226 | 1.255 | 1.249 | 1.233 | 1.216 | 1.129 1.237 | 1.248 | 1.189
JEH T 1.090 | 1.099 | 1.118 | 1.118 | 1.102 | 1.085 1.093 | 1.118 | 1.096
ifi 1.023 | 1.032 | 1.035 | 1.040 | 1.039 | 1.038 1.026 | 1.036 | 1.039
FIRVA 0.869 | 0.895 | 0.904 | 0.898 | 0.909 | 0.916 0.879 | 0.904 | 0.911
i 0.928 | 0.943 | 0.934 | 0.950 | 0.968 | 0.964 0.934 | 0.935 | 0.967
P ik 1.228 | 1.224 | 1.229 | 1.227 | 1.190 | 1.169 1.226 | 1.229 | 1.184
i 1.060 | 1.066 | 1.063 | 1.058 | 1.044 | 1.038 1.062 | 1.063 | 1.042
Lok 0.994 | 1.003 | 1.001 | 1.004 | 1.003 | 1.005 0.997 | 1.001 | 1.003

ISO VA A Y
&R 0.994 | 1.016 | 1.018 | 1.015 | 1.021 | 1.020 1.002 | 1.018 | 1.021
REE 0.941 | 0.981 | 0.997 | 1.019 | 1.032 1.033 0.957 | 0.999 | 1.032
i 1.003 | 0.983 | 1.016 | 0.998 | 1.010 | 1.020 0.995 | 1.015 | 1.013
H 1.043 | 1.057 | 1.061 | 1.060 | 1.064 | 1.050 1.048 | 1.061 | 1.060
JFF i 1.024 | 1.027 | 1.032 | 1.038 | 1.034 | 1.033 1.025 | 1.032 | 1.034
JIEE 3 1.033 | 1.062 | 1.069 | 1.071 | 1.111 | 1.071 1.044 | 1.069 | 1.098
JE T 1.027 | 1.039 | 1.034 | 1.042 | 1.039 | 1.042 1.032 | 1.035 | 1.040
ifi 1.067 | 1.069 | 1.073 | 1.075 | 1.066 | 1.063 1.068 | 1.073 | 1.065
CIRVA 0.989 | 1.000 | 1.012 | 1.019 | 1.010 | 1.016 0.993 | 1.012 | 1.012
i 1.000 | 1.003 | 1.040 | 1.038 | 1.035 | 1.054 1.001 | 1.040 | 1.041
P ik 0.985 | 0.987 | 0.988 | 0.996 | 0.985 | 0.995 0.985 | 0.988 | 0.988
i 0.979 | 0.994 | 0.999 | 1.002 | 0.996 | 0.996 0.985 | 0.999 | 0.996
(Lot 1.047 | 1.047 | 1.049 | 1.050 | 1.054 | 1.052 1.047 | 1.049 | 1.053
(7£) JM-103 8 X ' RCP-AM DR EaF i &=L, BET XX —RIRHIC LV 7 LT\ 5,
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#3.5.2 TRIX— U4 AN JEEH JM-103 20—~ Y472 0 iEgsii R (Gy/Gy)
AP UF AN

gk am HFrzLF— (MeV) W (MeV)
0.1 0.15 0.2 0.3 0.6 0.8 0.119 | 0.207 | 0.662
R 1.435 | 1.285 | 1.196 | 1.113 | 1.050 | 1.025 1.378 | 1.190 | 1.043
AR B 1.112 | 0.982 | 0922 | 0.879 | 0.858 | 0.863 1.063 | 0.919 | 0.859
E 1.139 | 1.054 | 1.000 | 0.947 | 0.914 | 0.926 1.106 | 0.997 | 0.918
H 1.558 | 1.357 | 1.268 | 1.175 | 1.075 | 1.051 1.482 | 1.261 | 1.067
Ji Ak 1.361 | 1.211 | 1.136 | 1.058 | 0.992 | 0.979 1.304 | 1.130 | 0.988
ISk =3 1.508 | 1.405 | 1.286 | 1.195 | 1.114 | 1.030 1.469 | 1.280 | 1.088
Ed 0.866 | 0.807 | 0.787 | 0.764 | 0.780 | 0.789 0.844 | 0.785 | 0.783
Jii 1.289 | 1.186 | 1.129 | 1.081 | 1.031 | 1.022 1.250 | 1.125 | 1.028
FTRvA) 1.095 | 1.030 | 0.986 | 0.907 | 0.873 | 0.869 1.070 | 0.980 | 0.872
et 1.430 | 1.292 | 1.186 | 1.111 | 1.026 | 1.003 1.377 | 1.181 | 1.019
ik 0.953 | 0.868 | 0.831 | 0.805 | 0.804 | 0.809 0.921 | 0.829 | 0.805
b4 0.779 | 0.767 | 0.759 | 0.758 | 0.789 | 0.805 0.774 | 0.759 | 0.794
Dk 1.401 | 1.264 | 1.171 | 1.094 | 1.023 | 1.005 1.349 | 1.165 | 1.017

ISO VA A Y

R 0.718 | 0.684 | 0.654 | 0.637 | 0.660 | 0.679 0.705 | 0.653 | 0.666
UINERz. ] 0.786 | 0.712 | 0.676 | 0.661 | 0.681 | 0.698 0.758 | 0.675 | 0.686
38 0.656 | 0.618 | 0.628 | 0.616 | 0.656 | 0.680 0.641 | 0.627 | 0.664
H 0.729 | 0.683 | 0.657 | 0.642 | 0.675 | 0.684 0.712 | 0.656 | 0.678
i ik 0.722 | 0.672 | 0.647 | 0.638 | 0.657 | 0.676 0.703 | 0.646 | 0.663
ISk =3 0.666 | 0.660 | 0.644 | 0.626 | 0.663 | 0.666 0.664 | 0.643 | 0.664
e 0.734 | 0.691 | 0.662 | 0.655 | 0.665 | 0.692 0.718 | 0.662 | 0.673
Jii 0.781 | 0.742 | 0.722 | 0.715 | 0.737 | 0.753 0.766 | 0.722 | 0.742
IRV 0.615 | 0.605 | 0.580 | 0.576 | 0.603 | 0.622 0.611 | 0.579 | 0.609
et 0.663 | 0.612 | 0.615 | 0.603 | 0.627 | 0.657 0.643 | 0.614 | 0.637
ik 0.674 | 0.627 | 0.597 | 0.588 | 0.605 | 0.628 0.657 | 0.597 | 0.612
b4 0.810 | 0.787 | 0.771 | 0.769 | 0.780 | 0.794 0.801 | 0.771 | 0.784
Dk 0.728 | 0.684 | 0.662 | 0.654 | 0.684 | 0.703 0.711 | 0.661 | 0.690
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(Gy/Gy)

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

e

e | S0

119 207 662

Lung

IEESRE LU T L3 — (kev)

3.5.3 TXNFX— UA A NYBIER S —~ Y70 lEeRE (. M.

IR )

BilE LT, il i REEHEICOWT, 22580 —~ 470V g Ee 5 & (X 3.5.3)

s WOl TH AP o

AW TN

e, TRAF—DERNTTH

o=
 AER

71—~ Y720 figas

BEIREV, —FH, ISO DHEEIE, =R F—IT KD EIT/NHI N,

i

TARAF—TH ISO BT OZER T —~ U7 v fifigmti D 753, AP

LV bH/hEV, 72720, AP & ISO D7, MREFEH TIINS L WIHEHO%E

DITHREN,
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353 £&®

TSR IE T O TFHIPIE L RO T TOER D —~ 472V s EiL, FiifR¥k
BN, mXAF =B LRV A A MU GAEIEIC Lo TINENE L TRDIZGE), K515, i,
TREEBEIZOWT, NS TR BIOWH, T72b bR N —~%7- 0 et & L O i)
S KiOfER%EFE 3.5.4 1T, B, T 2T Ky OEITIRER KT LR,

TSR EBIEEH OLHPIE S S TR D —~ 472 0 BafR &1L, NPP Of4,
FER T 0.84 (Gy/Gy), ifiC0.88, HREOFH TO0.77 ThHho7z, T2, MA DA, KB T
0.85, ifiT 0.88, MREEFHET 0.78 Th o7, HIRRTHERETIINLET DM, FEHFOZER D
—~ Y7 D AR RS, R R D RE W,

#3.5.4 gk ¥ A THIER S —~ U720 fEesiRE (R, . REEeh)

figk & A 7 B BLIU Ky & R Jii IR
JM-103
SEEJ) NPP 1/B1 0.84 0.88 0.77
BIE < ot K: 1.032 1.032 1.032
T MA 1/B: 0.85 0.88 0.78
X< St K: 1.029 1.029 1.029
(%) RCP-AM (ICRP Publ. 116 X v #75)
2 NPP #713 < §:44:(1/B1) 0.82 0.86 0.77
R MA #2103 < Z:44:(1/By) 0.83 0.87 0.78

a—7 VA RET /O RCP-AM IZ DWW TRERD 5k THERF L7 fliik & A 7 Rl2ER ) —~
W70 ESSRE L T D &L BAATT L IM-103 DZER D —~ 47 0 igeni 8L, b
%, ifiTRCP-AM LYV 2%FREREZ\V, ARADIT BRI —H VA R HEFENNS
<. BEEE. WEO KL FHBOELDNENZ ERKML TS EEZLND, 2B, <O
AR 2 & MAERE N oA DR EEBEIC OV T, JM-103 & RCP-AM TZER b —~ 4720
TEESAR BBV S LR,

~

B, EFEA Y a7y NAORHBHEA TS, K7 LT 7 A TE mm BT
TRILEZOIZXH L, AvyiaZ7y bATIEum BALCREIR T, #| 2 13E KON
TRENEREL T D3, ARTIENHRE LTV D2 EI oV TE, MERICEET L L
[EE=F AV (WAIAN
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() Bl LT, fEBIZONWT, mprF—, VA A MU RIIZER T —~ 4720 fifasit &0 D
gk % A TR R S —~ BT g EE RO HE T o 2%, Tn ST ARDAT Y
7R EHWTRT,

# Colon absorbed dose per unit air-kerma (Gy/Gy) (3 3.5.2)
# B OWE RO TEHRE IB (Inverse of B) ZFIf+ %
> IB<-matrix(c(1.378, 1.190, 1.043, 0.705, 0.653, 0.666),nrow=3)
> colnames (IB) <-c ("AP”, ”1S0”)
> rownames (IB) <-c ("119keV”, "207keV”, "662keV”)
> 1B
AP ISO
119keV 1.378 0. 705
207keV 1.190 0. 653
662keV 1.043 0. 666

# Uncertainty defined as K=1.05 for all
> K<-matrix (rep (1. 05, 6), nrow=3)
> colnames (K) <—c ("AP”, “IS0”)
> rownames (K) <—c ("119keV”, "207keV”, “662keV”)
> K
AP ISO
119keV 1.05 1.05
207keV 1.05 1.05
662keV 1.05 1.05

> fg<-c (0.5, 0.5) # A A U4y (NPP)

> fe<-c(0.025, 0.075, 0.9) # T x/L¥—454i (NPP)

> F<-fel%tht (fg)  # TFAF— « DA A b U S

# NPP DT LF— « DA X NUSAHDOFTOD IB (Sv/Sv)

> (IB. npp<-round (exp (sum (F*log (IB))), 2))

[1] 0.84

#NPP O RLF— « DA A NSO T THK

> (K.npp <-round(exp (1. 96*xsqrt (sum( fe 2 %% (log(K)/1.96) "2 %% fg'2 ))),3))
[1] 1.032

> fg<=c(0.5, 0.5) # A A U434 (MA)

> fe<—c(0.05, 0.15, 0.8) #t TRV X—43 A (MA)

> F<-fel%tht (fg)  # TFAF— « DA A b U S
#MADZRILF—« DF A RYSADFTOIB (Sv/Sv)

> (IB. ma<-round (exp (sum(F*log(IB))), 2))

[1] 0.85

EVMA DT R —« DA A MY HGAHOFTTOK

> (K.ma <-round(exp(l.96%sqrt(sum( fe 2 %% (log(K)/1.96) 2 %% fg 2 ))),3))
[1] 1.029
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3.6 MEFZ 1 7, BaHREFHETED DS RE~DBEREK

8.6.1 LRI —~<UEVBREFH L ARV R LER T —<Y 70 EERED R

3.6.11%. NPP LU MA Offiik % A FIZHONWT, Mt % A TGk —~47-1
MRERE L AR 2 A(SvIGy) & s R 225 0 —~ Y4 7= 0 it & (Gy/Gy) & i~ 7=t O T
b5, BEORENZ A T DK —~ Y720 BER L AR ZADMHESVIGY) & KR E Dl
DRI —~ 1720 A E O (Gy/Gy) & Il 2 2 & C, SREFHERESY) & lHasi
BGyOBMREMD Z LN TED,

1.6

ERS—7 SBicWIRERTL 2R 2 (svGy) TR —7 L R E
4 (Gy/Gy)
1.2

NPP WA
1.0 pat.4 NPP  MA
G |

'D.E . |
0.6 ] |
0.4 [ | _
U.Z HH |
0.0

FBL FB2  TLD GB EPD LB

Colon  Lung REBM

WEstR 7 fgs1E 8

3.6.1 ZERAI—~ YTz VMEFL AR A L2250 —~ YT V) i asii & o bk

« ZER I —~ YT 0 B EEH L AR A(SVIGy) DfEIE, 1.0-1.1 D TH 7=, NPPI(Z
. MA ORI REo7- (82%), BEEFZ A4 7 8izix. FB1. LB. FB2
THIXICKRE <, —F4. EPD, GB., TLD IZEM 1 (2> 7=,

 ZER T —~ 2472 0 AR B (Gy/Gy) DAL 0.8 BiTf: T, 2280 —~ 7= 0 i L =

R ADEZIEARTh S oTz, LI - T, SREFHERMESY) 472 0 Olifgit & (Gy)
T4 0.7-0.8 FRE L 2o 7z,
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3.6.2 Misk& A 7. MEFRF A T, WHEESIREFHETED O IRERE~ DB LRE

o (312 ZMMOET NN Tl L7oMFLRE DN ¢ = expm) X exp(s2/ 2) 1Z81F 5
%11 exp(m) (I, ik & A 7 MREREZ A 7 IS EEBIIC £ 3.6.2 D LBV, 7,
RN IR, E ORI ST ER & A T DB ERR LTI, T7205H, 1989 4
LIB&I% FB2, TLD, GB, EPD, LB # %/~ L, 1988 fELLHI[IX FB1, FB2, TLD %%
~LT,

#3.6.2 MEMLAHKEOXOE 11H

% 1 H exp(m) 1989 #LLRE

NPP MA
i Jifi ZNEREY i il i TR E R
FB2 1.26 1.20 1.38 1.26 1.22 1.37
TLD 1.21 1.16 1.32 1.22 1.18 1.33
GB 1.21 1.16 1.32 1.20 1.16 1.31
EPD 1.19 1.14 1.30 1.19 1.15 1.29
LB 1.26 1.20 1.38 1.27 1.23 1.38

1 T exp(m) 1988 4ELLA(

NPP MA

i Jii IRV i Jii IRV
FB1 1.33 1.27 1.45 1.35 1.30 1.47
FB2 1.31 1.25 1.43 1.31 1.27 1.43
TLD 1.26 1.21 1.38 1.27 1.23 1.39

(1) exp(m) DEITRIZ L D KDT-,
exp(m)=B1 x Bs 1989 A LAk (Bs=1)
exp(m)=Bix B2 x Bs 1988 4 LLHij
Z 2T, Bil3# 3.5.4, Bzl 3.3.8, B3ld# 3.1.3 &M,

® [FkkiC, HAEBHORICKIT 55 2 H exp(s2/ DL, Mgk & A 7, MEFHZ A 7, s
FEXERICE 3.6.3 DERBY, ZOIHEIE, NA T ADRHEN S HHAERKICHES ST L%
#HE b, £3.6.312L5 L% 2HOMEIL, 1989 4-LIKE(1.0001-1.0004) %, 1988 4-LL
Al (37T 1.002) b HICHECX 2O TH D, LI > T, HEEE c DT
ARHNZH 1 HOMEIZ L > TIRE D,
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# 38.6.3 MBELREH DO DE 2 18

5 2 78 exp(s2/ 2) 1989 4 LIk
NPP MA
b i UINEXCg i T i UINEXEgi
FB2 1.0004 1.0004 1.0004 1.0004 1.0004 1.0004
TLD 1.0004 1.0004 1.0004 1.0004 1.0004 1.0004
GB 1.0001 1.0001 1.0001 1.0001 1.0001 1.0001
EPD 1.0001 1.0001 1.0001 1.0001 1.0001 1.0001
LB 1.0003 1.0003 1.0003 1.0002 1.0002 1.0002
5 2 18 exp(s2/ 2) 1988 £ELLH(
NPP MA
i i UINEXEgi T i UINEXEgi
FB1 1.002 1.002 1.002 1.002 1.002 1.002
FB2 1.002 1.002 1.002 1.002 1.002 1.002
TLD 1.002 1.002 1.002 1.002 1.002 1.002
(1) exp(s?/2) OEIZRIZE D RDT=,

exp(s2/ 2) = exp( (((logK1) / 1.96)2 + ((logKs) / 1.96)2 )/ 2) 1989 LI  (Ks=1)
exp(s2/ 2) = exp( ( ((logK1) / 1.96)2 + ((logKs) / 1.96)2 + ((logKs) / 1.96)2 )/ 2) 1988 £ LA

® RUWT, % 1MHexp(m) & 55 2 H exp(s2/ 2D FDOFEL LT, Mgk ¥ A 7. EFZA
7. NEEFEEERNNCE£ 3.6.4 D LBV . MBS c ML,

® RADREC &SN TV Dl EGVIC, BEREOWE e 2R EDZ LiIck-
T, IBERREGY R EON D, 1988 FLIRTOFLER RS . BEICR 72 L 510, HIFD
S E R) OFREL rem IZFHEAE X, 100rem=1Sv LA L= HDTH DM
5. RIS, MBS OWEK e 2R LD 2 EICE- T, BEREGY M ELND,
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*3.6.4 W), Mgk 7 A 7, MEFS A 7 IEEGHIHRELRE

BaRfR % ¢ 1989 4ELIFE  (Sv/Gy)

NPP MA

it 5 JHi DINERCS it 5 JHi DINERES
FB2 1.26 1.20 1.38 1.26 1.22 1.37
TLD 1.21 1.16 1.33 1.22 1.18 1.33
GB 1.21 1.16 1.32 1.20 1.16 1.31
EPD 1.19 1.14 1.30 1.19 1.15 1.30
LB 1.26 1.20 1.38 1.27 1.23 1.38

PRARE DM 1e 1989 FLIKE  (Gy/Sv)

it 5 JHi DINERCS it 5 Jhi DINERCS
FB2 0.79 0.83 0.73 0.79 0.82 0.73
TLD 0.82 0.86 0.75 0.82 0.85 0.75
GB 0.82 0.86 0.75 0.83 0.86 0.76
EPD 0.84 0.88 0.77 0.84 0.87 0.77
LB 0.79 0.83 0.73 0.79 0.81 0.72

BARfR % ¢ 1988 4ELIRT  (Sv/Gy)

NPP MA
& R Jii IR & R Jii IREE R
FB1 1.33 1.27 1.45 1.35 1.30 1.47
FB2 1.32 1.26 1.44 1.31 1.27 1.43
TLD 1.27 1.21 1.38 1.28 1.23 1.39
R OWE /e 1988 4ELIRT  (Gy/Sv)
& R Jii REE R & R Jii IREE R
FB1 0.75 0.79 0.69 0.74 0.77 0.68
FB2 0.76 0.80 0.70 0.76 0.79 0.70
TLD 0.79 0.83 0.72 0.78 0.81 0.72

3.6.3 VA b, FIR, IBHEFREFERED DIFRE~DBEIRE

YA b, BREHIBIRRER X A 7 DK 3.2.4 LHAGDOEDL Z LICL - T, 1.6 Hi TR _7=A
BRSO BETH LA b, FIR, IRERDAREFHERED D IRER R~ OB RIRE N5 5
i,
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FB4E fhim - 1#E

J-EPISODE O U Z 7 fE | i B2 D 2 21T K o T MM S oo [E s el mT REME
Emmhb I a2 BMC, BARNIE LSSt B ke at LT & 1,

TARC i SC 23R R B 7z FIEICEEARRICHEIL U 5 2 ER L O 8 BTk 7= L 5 1T,
BARTHEA SN TS EAMRER ORFER X OERREL, NS, BARARA BN
MEHRRHEOHREMA L, £72. BAD NPP IZBIT 2HIE =R X —B LUV 4
ANV ZHERT D 2 212k 5T, RADREC |28k SNk % | EFFED ) 2 7 fif
HHZ AW DBt AR T 5 7o O TR R 0 bk . A, IRasn iR it
FRMESVI D & s B (Gy) ~ DM FARE(Gy/SVR R b D ZE BRI LN L 2o T,

Al BRI, RO LBVRET 5,

(1) ARt bR EFHERED O IBE R R~ O M RARE A O Clilian i i 2 1 4
L. 41 J-EPISODE O3 - fRESATIZHEAT 5 Z &,

(2) AHEAREIL, IARC fSCUCHEILL T, < ORT A —F LAREIZE SV TR ST
Wb, L7eho T, BRI EZ KT T IRt b 2 8 it &t oshm, (EEBREEO
ZAb, MEMEOEFFEIIEEELL I Z L,

ULk
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4k
B REBHREEOPHEFNERIZL AT ZZEB LIZNAET Y X7

BHHY :

J-EPISODE D U A2 7 fRHTIZ T, PETAMNBIIE < DS RIETHBEBEZHALNICT 5720
12, OFRFEERE 722 WBURBEBIEFE OB AR ET —F X—2A0 b, HtET4t
HWEL RO HHEEHE L, @FNEAWT, FIEFAEHIEL ATErE2 LB L
WALV AT ZHEET D,

de & .
B -

(BEHJIIF - BZBRELBRRS S5 25 B S5 23507 - B JAEA BB 1 7 L T35 (LT T
WA & 9) 1I2B1T % MOX (Mixed oxide)REHLED 70— 7R v 7 ZHEE TR T
HPE AN 3 5 Z L ITAAmTh o7z, [liy, (2017 [47]1%, 2002-13 [ DR
ERT < BEE OPFAEITIBW T, MOX BREH R O 2008 47K f (48 AT # & 0D e KBS
18.9 mSv T, ZOWNFRIIHT »~<#t 16.2 mSv, FMETH 2.7 mSv Th o7z Lk~ kT
WIS BN o72Z L B R LT,

J-EPISODE D Jitst# UV A 7 AT ICFIH L TWOHMET — XX, BT HEEEN
RADREC ([ZEHIHE L TWABET, H o~ PHT-7 EOMBIE S RO #IE
CEAE LR, EABGEME (Sv) THho, LnL, HHEINTEIES A2 RET
LERIIFLEDETHRVO T, FHFIMNBEKIES 2B R LY A7 oA TERne
WOHIFKIN D oTe, £ 2T, B R TOARFERICHESE PEFINIHITE < ORZEIC >
WCRAEEIT T2,

I #E< YA FEIDOBEATSRELZFIE L EFHRIE /TR0 & 2 F ORE

ik

RADREC 76 A M, ik, EARIGEEME] ORM2Z T, MOX BREHER D H 5
FFE TSRV T, MOX BUIEHIM O 1972 LRI, LT OIMBIIZS BEO S 585 %
HPE AN OFREMED B 58 &5 2 7=, MOX 1EEH OINHHEIE < ERIL, 241Pu @
AR Cd D 21Am D S D 7 o~ #1(59.5 keV), B LN Pu D HEEZHSHE
721% 17180 BN DA U T TH Y | H o~ & Pk % RSN IE < 5
%, MOX {E¥nESE 4% Lz TLD Ny PORsk L ~biTy # 0.1 mSv, FH7## 0.2
mSv THH =D T, WHHEFE TCOFEFKITHED 0.3 mSv L EDOER L & 1D
5 & PETANBEL OB O H D H L EFR LT,
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BV ST GBI 1991-2010 4F) O34 204,103 AD 9 6, 1972 FLIREIZ B3
EATICBUWNT 0.3 mSv UL FEBEN 1R EH HE 5,324 A% T3 1E < o AlEE
MobrE | CHBEL. 7Ty 7001,

# 5.1 HEEEFCB T X R G VIR xt48 N=204,103)

(T o~ R 1972-2010 4F
SRR EHY (0mSv #5Tr) 20,553 A\
B E 0.1 mSv ULk 6,629
0.3 mSv UL EFERFEN DR LS 1H 5,324
FPEFRIE S AIREME D B 2 B O ESMIZREFEDO LB T, [HREEOHHE ] (flag=1)

DI BFERR BT 23 mSv T, *ﬁﬁ%% AZTHELIZER 12 T ANOBRBERES IZIER T
Thotm, 7o, flag=l OF O BRFEMH & 23 mSv 13, B FEFTLUSCTHITLS L ES
G LICETAONERD D,

5.2 HPETHIE S FREME D B B H ORI

pIE =3 e (mSv)

VifEir#E D 9 B, 0.3 mSv LA EAERREA 1 5] 1Q Median Mean  3Q
UL EdH D 118,820 A 2010 4 B FEHR & 2.07 7.70 23.71 24.70
flag=1 O# (5,324 \) O2HA kTD 2010 4 1Q Median Mean  3Q
SARERR A 2.10 7.60 2299 23.86
flag=1 OF# (5,324 N) DHMEFEIT THIZL 1Q Median Mean 3Q
L7245 0.3 mSv UL FfREICH kT % 2010 2 0.80 220 6.45 6.60
il

[P PEF-HIE < ATREMED 8 B FH DFE | D= OICHIA TE D AR HIZIRY RN b - 7=,
ASEFIH LD, A b - FRIMEABRETH 72720, 77 v T &2 FTEOHRIC
L, FHETEZHIES LTV ARnEZ2ETe,

e A2 843 5 MOX BUEMIH, dPE- R < BRE DO AR O SEFHMES, X 0 3

87




RAEHAFIA TE UL, L0 PEFHUE < B OHERT A AIREL e D LB A DD,

O PHEFABEI TRRELZZR LY R 7#E (BMRZR 2B AEL)

PPETFAIBIE S AR DB DNy 7 7T 0 RELTERIL, BEFEE 70 mALLET, 7
RRMEEOHE LD &V, ETALTIEINY 7 7700 FOFERLETH D,

15 NE L2y M TE aguny NIITITIURRTE
(AMFEEBRENA) = (B IEERL A A)

300 300

250
TaekAE 250

200 200

150 150

100 100

50 50

0 Lo 0 o

20- 40- 50- 60- 70+ 20- 40- 50- 60- 70+

BEEH B ER

(E) Ny 7770 FRELCRIT, BURBEEMNT Y 7 b EPICURE Z W TRIZ & D K72,
NONSTRATA@
Loglinear 0 %con flagc*agecat2@linear 1 flagc*d@ fit@

5.3 HETAMIHIE < ATRENEA DO F ORI FE L=

FHEL  AREBLEET LV

TP, PETHIEL FTEEER S HFICEH LT E T2, PHETAMNBEIE < ATRENE
77y FEREREL (flag=0: "REMEZe L, flag=1: ATREMESD V). FIREMEAR D& (5,324
NEHEL T, LFD 32OV A7 ETNVEHREL, KT VY VREIRICE D T A—X
DOHEFH AT T2,

HPE TN E S ATREEZ BB L vET L (D
2 o(agecat2,cyear,apc)(1 + Bd)
agecat2: FIEER (20-39,40-49,50-59,60-69,70+).
cyear: JEHE(5 4 4 X4)), ape: HIR(8),
deat: BFEHREX />(0-5,5-10,10-20,20-50,50+ mSv)
dAfER R, 77 10 4
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PRI < RTREME 2 SRR A BN L 72T L
2 olagecat2,cyear,apc) exp(a x flag) (1 + B d)

(2

R < RTREME A R A LB EI BN L eE T L ()
2 olagecat2,cyear,apc) exp(a x flag) (1 + B d x flag)

FE2  BEBICEHLEET L

R Ed 2, RO 2 5OREHRE i B LV diZnFIT 5,

d=d: + d2

diflag=1 OHAS, HHFFEZEFTT 1972 FLIRIHUE S Lo EF-AMHR I < o et D &

2 ik

de:Z NSO R (1 flag=0 O 1T d1=0, d=d2)

WRDET NVERE LT,

2 o(agecat2,cyear,apc) exp(a x flag) (1 + Bidi+ S.d2) (4)

d1 DX 453:0-5,5-10,10-20,20+ (mSv)
d2 D [X43:0-5,5-10,10-20,20-50,50+
di,de:7 7 10 &

FER
(D-@WXOHEEFERITILLTO LR,
# 5.4 BT ILRIHEERE S

5L IRT XA —FHEEE AAIC

) T EZEERE LRV ERR 1.40 /Sv 0

10 (age,cyear,apc)(1 + B d) (90%CI 0.43, 2.38)
) T8 < FIRBE 2 SRR A SUTEM A : exp(a): 1.20 (1.02, 1.41) o6

2 olage,cyear,apc) exp(a % flag) (1 + B d) ERR 1.33 (0.36, 2.30) .

R ) FAEEH : exp(a): 1.26 (1.04, 1.52)

HpE P < RTREM: & SR S SIS TRIZ BN
3 T REME 72 L:ERR 1.38 (0.39, 2.37) -1.1

L olage,cyear,apc) exp(a x flag) (1 + B d x flag)

HHEMES » 'ERR —0.81 (-5.12, 3.51)
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AL - exp(a): 1.14 (0.97, 1.35)
RREHE d %, flag=l OF, FURHEEFT 19724 | B (PHETEIEISTRMESY)

REIZHIEL LTeEL . Zh S OB RICSE ERR 14.2 (-9.9, 38.4) -1.3
% (age, cyear, apc) exp(a X flag) (1+ B d + p d) [ B (ZOfh) :

ERR 1.32 (0.50, 2.13)

(B 1ae23A (AlRZER<. 77 10 4) n=7,929
2. AAIC = ADeviance — 2 X ADegree of Freedom

£ 5.4 ODETNVQ@)DFRERIZE D & VI O R METINTHIE < ATREMEZ B8 L 72
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