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Informed Consent in J-EPISODE(Japanese epidemiological study on low dose radiation effects)
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Energy and geometry distribution of photon exposed to nuclear workers at Japanese NPP
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Experiments on dosimeter response to photon

exposure for nuclear industry workers with glass

badge, electronic personal dosimeter or optically

stimulated luminescence dosimeter in use
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Background: Japanese nuclear workers cohort study
has been conducted since 1990 and analyzed radiation
risk in association with H/(10) However, evaluation
of risks using organ absorbed dose is recommended.
In addition, data from the National Cancer Registry
became usable. The most comprehensive preceding
study on reconstructing organ dose was the Study of
Errors in Dosimetry under the framework of the IARC
15-Country Collaborative Study, which conducted exper-
iments on dosimeter respoase to photon exposure for
three types of dosimeter used before 1990s. These data
were useful for the Japanese study but not sufficient.
Usage of dosimeters in Japan developed from those to
glass badge (GB), electranic personal dosimeter (EPD)
or optically stimulated luminescence (OSL) dosimeter in
around 2000.

Aim: To describe the experiments on dosimeter re-
sponse for GB, EPD and OSL dosimeter.

Materials and Methods: Following the IARC's approach,
the experiments on dosimeter response were carried
out within the two laboratories of JAEA. X rays of
N-150 and N-250, and 137Cs source were used. Three
types of dosimeters were selected for the study.To
simulate working conditions, combinations of a specific
photon energy; 119 keV, 207 keV and 662 keV, and a
specific geometry; AP and ISO geometry, were applied
for RANDO phantom set up on the horizontally rotating
device with an angle between the rotation axis and the
source.

Results: Data on dosimeter response to air kerma were
calculated along with uncertainty, which were compat-
ible with IARC's data. This work was funded by the
Nuclear Regulation Authority, Japan.
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Correlation between the cumulative dose and a
hazardous job history among Japanese nuclear
workers (J-EPISODE)
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Background: Radiation Effects Association has conduct-
ed the Japanese Epidemiological Study on Low-Dose
Radiation Effects (J-EPISODE) to investigate health
effects of low-dose radiation among nuclear workers
since 1990. The study identified lifestyle factors and
socio-economic status as confounders. In the study,
excess relative risks (ERRs) were reduced by adjusting
confounding factors, such as smoking. To estimate ERRs
precisely, further studies of other potential confounding
factors are needed.
Aim: To explore the potential role of a hazardous job
history, such as exposure to asbestos, a carcinogen, as
a confounder of the cumulative dose among Japanese
nuclear workers.
Materials and Methods: The study population com-
prised Japanese nuclear workers employed in the
industry until the end of March1999. A lifestyle ques-
tionnaire was distributed to a part of workers in 1997
and 2003. A hazardous joh history included exposure to
asbestos, powder dust, chrome, nickel, arsenic, organic
solvents, benzene, aromatic amines, coke ovens, and coal
tar were inquired. The radiation dose was supplied by
the Radiation Dose Registry Center of the Radiation
Effects Association. The cumulative dose was based on
exposure data recorded between 1957 and 2010.
Results: The number of cohort was 75,442 who respond-
ed to the questionnaire survey. The mean cumulative
dose was 268 mSv. Positive associations were found be-
tween the cumulative dose and a job history of exposure
to asbestos, powder dust, and arsenic. These resuits
suggest that a hazardous job history should be taken
into account when estimating radiation exposure risks.
This work was funded by the Nuclear Regulation
Authority, Japan.
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Factors associated with the participation of male
Japanese nuclear workers in medical
examinations
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Background: Nuclear workers undergo medical ex-
aminations once every 6 months due to health-related
risks of occupational radiation exposure. Most former
workers aged 40-74y should participate in medical ex-
aminations as beneficiaries of National Health Insurance.
However, some workers do not undergo regular medical
examinations, Job category and history of diseases were
reported as factors associated with participation in
medical examination among the beneficiaries.

Aim: The purpose of this study was to examine factors
associated with the participation of current and former
nuclear workers in medical examinations.

Materials and Methods: A self-administered ques-
tionnaire was distributed to nuclear workers. Of the
responders, male radiation workers, whose necessary
information was obtained, were enrolled in this study.
Multivariate logistic regression analysis was used to
calculate the odds ratio. The dependent variable was
participation in medical examination in a vear. The in-
dependent variables were the cumulative radiation dose
{B0mSv> , B0mSv=<), age, type of industry, job category,
years of schooling, and history of diseases.

Results: Cumulative radiation dose of B0mSv=< was
solely associated to less participation in medical exam-
ination in a year. This association between participation
in medical examination and cumulative radiation dose
was atfenuated after the other factors were added to
the model. The factors related to medical examination
participation were age, type of industry, job category,
years of schooling, and history of diseases. An increasing
participation in medical examination among nuclear
workers with higher cumulative radiation would con-
tribute to reduction of their incidence of cancer or
non-cancey, as medical examination plays an important
role in early diagnosis.
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Confounding between the cumulative dose and a hazardous job history
among Japanese nuclear workers (J-EPISODE)

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

nstitute of Radiation Epidemiology, Radiation Effects Association
s_kudo@rea.or.jp

Background

The Japanese Epidemiological Study on Low-Dose Radiation Effects (J-EPISODE) has been carried out to
investigate health effects of low-dose radiation among nuclear workers since 1990. The study identified
lifestyle factors and socio-economic status as confounders. In the study, excess relative risks (ERRs) were
reduced by adjusting confounding factors, such as smoking. To estimate ERRs precisely, further studies of

other potential confounding factors are needed.

Aim

To explore the potential role of a hazardous job history, such as exposure to asbestos, a carcinogen, as a

confounder of the cumulative dose among Japanese nuclear workers.

Materials and methods

The study population comprised Japanese nuclear workers employed in the industry until the end of
March1999. A lifestyle questionnaire was distributed to a part of workers in 1997 and 2003. A hazardous job
history included exposure to asbestos, powder dust, chrome, nickel, arsenic, organic solvents, benzene,
aromatic amines, coke ovens, and coal tar were inquired. The radiation dose was supplied by the Radiation
Dose Registry Center of the Radiation Effects Association. The cumulative dose was based on exposure data

recorded between 1957 and 2010.

Results

The number of cohort was 75,442 who responded to the questionnaire survey. The arithmetic mean cumulative
dose was 25.8 mSv. Positive associations were found between the cumulative dose and a job history of
exposure to asbestos, powder dust, and arsenic. These results suggest that a hazardous job history should be

taken into account when estimating radiation exposure risks.

This work was funded by the Nuclear Regulation Authority, Japan.

54



Confounding between the cumulative dose and a hazardous
job history among Japanese nuclear workers (J-EPISODE)
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Shin‘ichi Kudo, Akemi Nishide, Keiko Yoshimoto, Hiroshige Furuta, Shin Saigusa
Institute of Radiation Epidemiology, Radiation Effects Association, Japan

Cohort definitio

Results:

= Male worker who have Japanese nationality.
« Emploved until the end of March, 1999.
= Replier of self-administered lifestyle questionnaire survey (1997 and/or 2003).

« N=75442, mean cumulative dose=25.8 mSv.
= Positive confounding between cumulative dose and asbestos, powder dust.

ﬁositive confounding to arsenic, but the number of job history was small.
Negative confounding to benzene and aromatic amines,

Background: Confounding to smoke was found in the Japanese Epidemiological Study on Low-Dose
Radiation Effects (J-EPISODE) which have been carried out since 1990. To estimate radiation effects

precisely, further studies of other potential confounding factors are needed.
Aim: To explore the confounding between cumulative dose* and hazardous job history among Japanese
nuclear worker. (* 1957-2010, supplied by Radiation Dose Registry Center.)

but the numbers of job history were small.

Table. The number & proportion of workers who have ]Ob h|stc Y.

Job Asbestos | Powder | Chrome | Nickel
Number 2323 6199 315 219
Propartion 3.1% 8.2% 0.4% 0.3%

Figure. Cumulativ
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Reconstruction of organ dose for Japanese nuclear workers and reanalysis
of cancer mortality risk for J-EPISODE 1991-2010

Hiroshige Furuta!, Akemi Nishide!, Shin’ichi Kudo!, Keiko Y oshimoto!, Shin Saigusa’
! Institute of Radiation Epidemiology, Radiation Effects Association
furuta@rea.or.jp

Background

Japanese Epidemiological Study on Low-Dose Radiation Effects (J-EPISODE) has been conducted since 1990
and analysed health effects in association with photon exposure assessed in Hp(10). However, it is under way
to estimate cancer morbidity and mortality risk evaluated in organ absorbed dose.

Aim

To reconstruct organ dose during 1957 to 2010, and reanalyse cancer mortality risk of the fifth J-EPISODE
analysis 1991-2010.

Materials and methods

The reconstruction method of organ dose principally followed the approach adopted in the IARC 15-Country
Collaborative Study, which conducted experiments on dosimeter response to photon exposure for three types
of dosimeter; old film dosimeter, multi-element film dosimeter and thermoluminescence dosimeter (TLD).
Usage of dosimeters in Japan developed from those to glass badge (GB), electronic personal dosimeter (EPD)
or optically stimulated luminescence (OSL) dosimeter in around 2000.

Therefore, dosimeter response data under combinations of a specific photon energy (119 keV, 207 keV and
662 keV) and a specific geometry (antero-posterior geometry and isotropic geometry) were experimented in
the same way of the IARC study for GB, EPD and OSL dosimeter.

Conversion coefficients from recorded dose to organ dose were reconstructed using these data on dosimeter
response as well as coefficients from kerma to organ dose for each year and site where workers were exposed
to photon, followed by reconstruction of organ dose for colon, lung and red born marrow during 1957 to 2010.

Results

Organ absorbed dose for several tissue/organs were calculated for each participant during 1957 to 2010. Then,
Poisson regression method was applied for estimating ERR (Excess Relative Risk) for cancer death.

This work was funded by the Nuclear Regulation Authority, Japan.
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What is J-EPISODE 1991-2010?

v" A cohort study on health effects for Japanese nuclear workers

¥ Cohort size 204,103 male, mean cumulative dose 13.9 mSv in #,(10)
v All cancer death excl. leukaemia: 7,929 and leuk. (excl. CLL): 207

v Suggested smoking as a confounder

Aim

¥ To construct conversion coefficients from dosimeter readings to
argan absorbed dose for photon exposure in working conditions.

¥ To reanalyze cancer mortality risk for J-EPISODE 1991-2010 using
organ absorbed dose.

What was the preliminary result of reanalysis of cancer
risk using organ absorbed dose?

[y

. Temporarily converted individual dosimeter reading of A,(10)
to organ dose, considering dosimeter type, facility type of
work place and exposed period.

Mean cumulative dose: Colon 11.0 mGy, Lung 11.5 mGy,
Red bone marrow (RBM) 10.1 mGy

2. Temporarily reanalyzed cancer mortality risk for all cancers,
lung and leukaemia. Applied colon dose for estimating all
cancers, lung dose for lung cancer, and RBM dose for leuk.

3. Applied Poisson regression LNT model for stratified data;
Attained age: every 5 years, Region: 8
Calendar year: 1991-94, 1995-99, 2000-04, 2005-10
Dose: <5, 5-, 10-, 20-, 50- , 100+ (mGy or mSy)
Lag: 2 years for leuk. and 10 years for others

End point Dose ERR and 90% CI
. H(10) 1.20 5" 0.43 | 196
Al cancers excl. leukaemia s 124G? 027 551
L A(10) 3.155v " 1.34 | 496
el it Lung 3.98 Gy ! 174 | 6.22
. A(10) -0.27 5v! -4.07 3.52
Leukaemia (excl. CLL) REM 157 Gy! 5.32 318

4. Result:
Due to change of dose unit from Sv to Gy, the mean dose
value apparently decreased, and consequently the slope
angle of the estimated LNT line increased.

)

Conclusion :
v Results of reconstruction of organ dose and preliminary
reanalysis were consistent with the previous studies.
v" Dosimeter response data are usable for other cohort studies.
v Further reanalysis will be conducted using organ dose.
v New cohort has started which will utilize;
%» Organ absorbed dose.
¥ Cancer incidence data from National Cancer Registry
which became available in 2019.
¥ Lifestyle questionnaire survey including smoking,
eating habits, cancer history, CT history, and so on,
conducted for all participants in 2015-19.

How was organ absorbed dose reconstructed?

1. Followed the approach of the IARC 15-country collaborative
study (2.2,

2. Assumed the working environment of photon exposure

received by workers as same as the IARC study;
Energy distribution
100-300 keV : 300-3000 keV = 10 : 90 for NPP
=20 : 80 for other facilities
Geometry distribution
Antero-posterior (AP) : Isotropic (ISO) = 50 : 50

. Obtained the data of dosimeter response (Sv/Gy), readings
per air kerma, by dosimeter type.
Made use of response data of the IARC study for film badge
(FB) and thermoluminescence dosimeter (TLD).

4. Newly experimented at Japan Atomic Energy Agency

calibration laboratories in the same way as IARC study for

recently used personal dosimeter types in Japan; glass badge

(GB), electronic personal dosimeter (EPD) and optically

stimulated luminescence dosimeter (LB [Luminess badge]) 5.
Mean energy of the source: 119, 207 and 662 keV
Geometry: AP and ISO estimated from ROT(8)

o =
-
| LN
Device to simulate rofational geometry with Simulation of isotropic (150)
ange m source irradiation

5. Developed the conversion coefficients from air kerma to
organ absorbed dose for Japanese adult male voxel phantom
6. Result:
16
Dosimeter reading per air kerma (Sv/Gy) Organ absorbed dose
14 per air kerma (Gy/Gy)
12 NER: MA
A - - NPP MA
15 i | [ | i A »
0s8
0.6
0.4
0.2
0.0 “‘é
FB o GB EPD B Colon Lung RBM
Dosimeter type Organ site

= The dosimeter responses were close to 1, regardless of

dosimeter type.

= The conversion coefficients from air kerma to organ

absorbed dose were approximately 0.8.

References :

1 I Thierry-Chef, et al. Study of a selection of 10 historical types of dosemeters: Variation of the response to #,(10) with photon energy and

geometry of exposure. Radiat. Prot. Dosim. (2002)

2 L Thierry-Chef, et al. The 15country collaborative study of cancer risk among radiation workers in the nuclear industry: Study of errors in

dosimetry. Radiat. Res. (2007)

3 H. Furuta, et al. Dosemeter response to photon exposure of electronic personal dosemeters, radio photoluminescent glass dosemeters, and
optically stimulated luminescence dosemeters used by nuclear workers in Japan. Radiat. Prot. Dasim. (Submitted)

+ This study was funded by the Nuclear Regulation Authority, Japan.
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The latest results of Japanese epidemiological study on low-dose radiation effects
(3-EPISODE)

Shin‘ichi Kudot

1 Institute of Radiation Epidemiology, Radiation Effects Association

Japanese epidemiological study on low-dose radiation effects (J-EPISODE) has
been commenced since 1990. In this study, we found severe confounding by life-
style or socio-economic status, especially smoking. When we adjusted for
smoking, the ERRs/Sv decreased by more than half in some causes of death.
There were two reasons of decreasing ERRs/Sv by adjustment for smoking. The
one was blue collar worker who have high cumulative dose tends to smoke.
Another one was difference of socio-economic status between low dose group
and high dose group. Consideration to confounding is needed when discussing
radiation risk.

A new Life-style questionnaire survey has been started since 2015. In addition,
we are preparing to examine incidence analysis and converting effective dose to
organ dose. The results of analysis by using organ dose will be released in near
future.

This work is fully funded by Japanese Nuclear Regulation Authority.
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Quantifying the adjusting effect for radiation risk estimate of mortality by adjustment

for smoking among Japanese nuclear workers

Shin’ichi Kudo!, Akemi Nishide!, Keiko Yoshimotol, Hiroshige Furuta!, Shin Saigusa!

IInstitute of Radiation Epidemiology, Radiation Effects Association

Background: Blue-collar workers have a higher tendency to smoke than white-collar
workers. In the case of nuclear workers, it is likely that the group exposed to high doses
of ionizing radiation show higher smoking rates than that exposed to low doses. This
means the confounding to smoke exists in nuclear workers.

Aim: To quantify the adjusting effect for radiation risk estimate of mortality by
adjustment for smoking among Japanese nuclear workers.

Methods: Vital statuses were obtained by application of subjects’ residence registration
cards. The causes of deaths were determined by record linkage with vital statistics
death records and coded according to ICD10. To obtain the information of confounding
factors, two lifestyle questionnaire surveys were performed in 1997 and 2003. Personal
dose equivalent Hp(10) values were used for in the analysis. The excess relative risks
per Sv (ERR/Sv) were obtained by Poisson regression. Doses were lagged two years for
leukaemia and 10 years for other diseases.

Results: In the present study, 71733 male nuclear workers who had responded to the
survey were assembled as a cohort. The mean cumulative dose was 25.5 mSv.
Statistically significant ERRs/Sv were shown for all causes, all diseases (total amount of
cancers and non-cancers), all non-cancer diseases, and liver cancer. However, they were
not statistically significant after adjustment for smoking; for example, the ERR/Sv for
all diseases declined from 1.32 (90% confidence interval: 0.40, 2.34) to 0.77 (-0.08, 1.72).
Conclusions: Thus, we could quantify the decreasing effect in ERR/Sv by adjusting for
smoking. Our study shows that smoking is an important confounder in the assessment
of radiation and the associated health risks, if a correlation between smoking and
radiation dose is suggested. This work was fully funded by Japan’s Nuclear Regulation
Authority.
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Reconstruction of organ dose for Japanese Epidemiological Study on Low-Dose
Radiation Effects: J-EPISODE

Hiroshige Furutal, Akemi Nishide!, Shin’ichi Kudo!, Keiko Yoshimoto!, Shin Saigusal
IInstitute of Radiation Epidemiology, Radiation Effects Association

Backgroung: J-EPISODE, a cohort study for Japanese nuclear workers, has been
conducted since 1991 and analysed health effects in association with radiation exposure
evaluated in Hp(10).

Aim: To compile conversion coefficients from dosimeter readings (Sv) to organ dose (Gy).
Methods: The reconstruction method of organ dose principally followed the approach
adopted in the IARC 15-Country Collaborative Study [1]. However, the method was
modified considering usage practice of dosimeters in Japan and body size of Japanese.
Despite the IARC’s framework with Hp(10) being the common quantity, it was simplified
using air kerma as common quantity.

Results:

1) Findings of the preceding studies on Japanese NPPs in 1980’s provided evidences
that the assumptions of distribution of energy and geometry of photon exposure in IARC
study were applicable for Japanese workers.

2) Dosimeter response data under a specific energy and a specific geometry were newly
experimented in the same way as IARC study for recently used personal dosimeters in
Japan; glass badge, electronic personal dosimeter and optically stimulated
luminescence dosimeter, while those for film badge and thermoluminescence dosimeter
referred IARC study data.

3) Conversion coefficients from air kerma to organ dose were developed for Japanese
adult male voxel phantom, revealing small differences from Caucasoid model.
Conclusions: Combining the above results, conversion coefficients from dosimeter
readings to organ dose by nuclear facility, calendar 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 Nuclear Regulation Authority, Japan.

References: [1] Thierry-Chef, et al., The 15-country collaborative study of cancer risk
among radiation workers in the nuclear industry: Study of errors in dosimetry,

Radiation Research, 2007

Keywords: organ dose, cohort study, nuclear worker
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Errors behind radiation epidemiologic studies

(AH) BURWRE B S BB v 57—
OThE fh—"
(KUDO, Shin’ichi*!)

1. i FC®IT

TSR & 2 B BORITTIFEIIKRANT 5 & ERLERICHT b b, DNA, RAFEE2F—7y
b & L7 ABRAEBRIZAER S F LIV TORIT R TE 208, £F~OFEBEZMET 2 Z LIIRETH 5.
o, BYERIIACEELZRIES VR, BbhifER2ZzoE T ACIBERTE 2V, ARERE
SRL LIEEMRIIAOERDCERET — 4 2/5 2L T, BEOBSEER(LTE D, Fik,
BRI IRBORERBRAHATH - TH, TEOFHRVNONDEZ L b H D, L LERT —F LV MM,
ZOMOREIC L Y EEABID I RRETH B0, T—FITEREE ST, ARKR TR OEERE
2B BEEITOVTHRET B,

2. BREOHEE

REIIXY U I AVEBE A NE Y e IGE S BRRREL VU7V X THE RIGESHRNR
HEREND D, BFEOBA, A CRELRZOIIMRHATHY ., BB CHIEL 25 OIXREFBER
REWRDETERRANA TR, IEERDH D, RGLIE, AL ET2ER (2 2 THHHBER) LS
DERBER (ZZTIIETE, PARBEOREEE) CEELRIIL TSI LEZIEL, ZORBHKR
PN DOBER Z ZAER T & RS, ZOREBIIRATH Y. BAROBFREBHEETOLE, FETITKER
EELRIFTERE LTS LHRRY R (ZZTIEE Y RY) HEEMEITEARE, ERIZE-T
EnU BB Lz,

3. JEFIRE ORI M) T

TBIRRAZE DRI IIARAT R BE OB LETH Y | Bl IO E, thE L OXRMAENS
2 bbb, RMRREORRITIT, RERTFOHEINRFEERET b D, T, SHRITEDFHRER
EEFREICAVLZ L LE/F SRS,

*1  Radiation Effects Association, Institute of Radiation Epidemiology
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Effect of Radiation Dose Rate on Cancer Mortality among Nuclear Workers:

Reanalysis of Hanford Data.
Sasaki M(1), Kudo S(2), Furuta H(2).

Author information:

(1)Radiation Safety Research Center, Nuclear Technology Research Laboratory,
Central Research Institute of Electric Power Industry, Tokyo, Japan.
(2)Institute of Radiation Epidemiology, Radiation Effects Association, Tokyo,

Japan.

The excess relative risk of mortality for all cancers excluding leukemia among
nuclear workers was reanalyzed by taking the annual dose as the dose rate into
consideration using publicly available epidemiological data from the Hanford site
dedicated to the cohort study of nuclear workers in the United States, the United
Kingdom, and Canada (Three Countries Study). Values of the dose rate (cut points)
were chosen at 2 mSv y intervals from 2 to 40 mSv y, and risk estimates were made
for 32,988 workers, considering doses accumulated below the cut point and above
the cut point to have different effects. Although the procedure to extract the

study population and the methodology used for analysis basically followed those

in the Three Countries Study, additional examinations were also carried out for
different risk models, lag periods, and impacts of adjusting the monitoring

period to find the effect of the dose rate. As a result, no statistically

significant difference in dose rate was found among the excess relative risks

under different calculation conditions.
DOI: 10.1097/HP.0000000000001039

PMID: 31136363 [Indexed for MEDLINE]
Health Phys. 2019 Jul;117(1):13-19. doi: 10.1097/HP.0000000000001039.
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Outline of the Latest Analysis of Radiation Epidemiological Study among UK National Registry for Radiation Workers
(NRRW)

Shin’ichi Kuno*:* Akemi NisHIDE,*! Keiko YosHmmoTo,*! Hiroshige FURUTA* and Shin SaiGusa*!

In August 2018, the latest analysis of the UK National Registry for Radiation Workers (NRRW 3rd update) has been
published. The NRRW studies have been published almost every ten years since the first analysis (1992). The series of NRRW
aimed to analyse cancer risk from low dose occupational radiation exposure. This latest analysis is the study using third
analysis data and an additional ten years of follow-up information, but did not include additionally dosimetry information. As
the set of ten years lag period, only the risks of cancer were analysed, but excluding leukaemia risks owing to its lag period as
two years. The same statistical methods were used in the series of NRRW study. This review provides an outline and summary
of the key points of NRRW 3rd update. We denote introduction in chapter 1, summary in chapter 2, comparison with previous
studies and other studies in chapter 3, discussion about results in chapter 4, meaning and limitation in chapter 5 and conclusion

in chapter 6.
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Table 1 The comparison of methodology and cohort member characteristics between NRRW 3rd and NRRW 3rd update.

NRRW 3rd” (2009) NRRW 3rd update” (2018)

Cohort Army (AWE, MOD, UKAEA, Rolls Royce Submarines) n = 107,415 (63%) Followed to NRRW 3rd

Electronic (British Energy Generation and Magnox Electric) # = 16,550 (9%)

Nuclear fuel cycle (British Nuclear Fuels Ltd) n = 40,284 (23%)

Others
Radiation dose category 0—, 10—, 20—, 50—, 100—, 200—, 400 + mSv Follwed to NRRW 3rd
Adjusted variables Attained year, Sex, Calendar period, Industrial classification, First employer Follwed to NRRW 3rd
Lag (year) 2 years for leukaemia, 10 years for others 10 years leukaemia was not analyzed.
Population n=174,541" (lag 0 years) n=167,003" (lag 10 years)
Total death n=23326" n=34819"
Total person-year 2,430,000 person—yearsh 3,684,391 pelson—years"
Mean external dose 249 mSv* 25.3 mSv®
* Under 0 year lag assumption.
® Under 10 year lag assumption.
Abbreviation

AWE: Atomic Weapon Energy
MOD: Ministry Of Defence
UKAEA: United Kingdom Atomic Energy Authority
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Table 2 ERR/Sv and 90% CI of mortality by causes of death.
NRRW 3rd* (2009) NRRW 3rd update ” (2018)
Cause of death Number of Number of
deaths ERR/SV* (90%CT) deaths ERR/SV* (90%CT)

All causes 23,326 0.145 (0.00, 0.3) 34,819 0.173 (0.05, 0.30)
All neoplasms 7,812 0.268 (0.01, 0.55) 11,770 0.243 (0.03, 0.48)
All malignant neoplasms 7,684 0.279 (0.02, 0.56) 11,641 0.27 (0.05, 0.51)
All solid cancers 10,779 0.238 (0.01, 0.48)
All malignant neoplasms ex leukaemia 7,455 0.275 (0.02, 0.56) 11,329 0.285 (0.06, 0.53)
All malignant neoplasms ex lung, pleura and leukaemia 5,118 0.323 (0.02, 0.67) 8,114 0.366 (0.11, 0.65)
Stomach 518 0.336 (-0.51, 1.58) 659 0.274 (-0.47, 1.34)
Rectum 303 1.687 (0.19, 4.12) 472 1.716 (0.42, 3.61)
Liver 89 0.80 (1.19, 8.28) 195 1.61 (=0.04, 6.18)
Larynx 67 4.071 (0.57, 12.02) 93 2.588 (0.11,7.63)
Trachea, bronchus and lung 2,230 0.106 (—0.35, 0.67) 3,058 0.028 (—0.38, 0.51)
Pleura 107 1.311 (-0.87, 5.69) 157 1.057 (-0.96, 5.21)
Uterus 19 17.805 (<-1.93, 72.27) 30 7.002 (<-1.93, 31.5)
Ovary 18 <-1.929 (<-1.93,89.13) 41 10.571 (<-1.93, 69.9)
Bladder 301 0.40 (—0.64, 2.07) 447 1.489 (0.28, 3.19)
Lymphatic or haematopoietic incl leukaemia 612 0.655 (—0.28, 1.97) 874 0.693 (-0.10, 1.74)
Non-Hodgkin lymphoma 237 0.777 (~0.50, 2.88) 353 1.307 (-0.05, 3.31)
Multiple myeloma 113 1.195 (—0.88. 5.96) 175 1.496 (-0.21,4.8)

* Significant ERR/Sv and 90%CTI are shown in bold font

Table 3 ERR/Sv and 90% CI of incidence by cancer site.

Cancer site

NRRW 3rd” (2009)

NRRW 3rd update” (2018)

Number of

Number of

cases ERR/Sv" (90%CT) cases ERR/SV" (90%CT)
All neoplasmsb 11,996 0.302 (0.08, 0.54) 21,842 0.332 (0.15, 0.52)
All malignant neoplasms® 11,165 0.281 (0.06, 0.53) 19,816 0.271 (0.09, 0.47)
All solid cancers® 18,214 0.221 (0.03, 0.42)
All malignant neoplasms ex leukaemia® 10,855 0.266 (0.04, 0.51) 19,296 0.283 (0.10, 0.48)
All malignant neoplasms ex lung, pleura and leukaemia® 8,443 0.305 (0.05, 0.58) 15,637 0.278 (0.07, 0.5)
Stomach 618 0.305 (-0.44, 1.37) 846 0.2 (-0.42, 1.05)
Rectum 586 1.307 (0.21, 2.85) 1,115 1.084 (0.23,2.2)
Liver 86 —0.09 (<-1.93, 6.58) 206 0.2 (-1.50, 3.43)
Larynx 165 0.839 (—0.46, 3.05) 253 0.128 (—0.81, 1.66)
Trachea, bronchus and lung 2,222 0.051 (-0.41, 0.62) 3,263 0.13 (-0.28, 0.61)
Pleura 190 1.354 (-0.71, 5.51) 396 2.4 (0.48,5.22)
Non-melanoma skin caner 326 1.497 (0.23, 3.4) 5,460 0.797 (0.40, 1.24)
Uterus 58 10.523 (0.27, 39.4) 104 5.366 (<—1.94.26.2)
Ovary 15 <-1.934 (<-1.93,61.13) 61 8.265 (1.12, 34.85)
Bladder 748 0.646 (—0.15, 1.72) 1,158 0.914 (0.16, 1.88)
Lymphatic or haematopoietic incl leukaemia 831 1.344 (0.34, 2.67) 1,614 0.919 (0.22, 1.78)
Non-Hodgkin lymphoma 305 1.284 (0.18, 3.53) 707 1.261 (0.24, 2.63)
Multiple myeloma 149 3.597 (0.77, 8.94) 277 2.806 (0.76, 6.13)

* Significant ERR/Sv and 90%CTI are shown in bold font
* Exclude non-melanoma skin caner
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Table 4 The comparison of ERR/Sv with other studies.

All cancers excluding leuk 1 S h cancer Liver cancer Lung cancer
Ho: Stady Observed e Risw (90%CT) Observed ERR/Sv (90%CT) Observed ERR/Sv (90%CT) Observed ERR/Sv (90%CT)
deaths deaths deaths deaths
1 NRRW 1st” 1435 —0.467(-0.12,1.20)™ 139 —0.126(-1.20,2.13) 20  —0.196 (<-196,12.83)* 491  0.124 (-0.80, 1.52)*
2 NRRW 2nd” 3020  0.086 (-0.28. 0.52) 255 —0.032(-0.95,149) 43 0.60 (<-1.95,9.67) ™ 959  —0.11 (-0.72,0.72)*
3 NRRW 3rd? 7455 0.275 (0.02, 0.56) 518 0.336 (-0.51, 1.58) 89 0.80 (~1.19, 8.28) 2230  0.106 (-0.35, 0.67)
10,885 0.266 (0.04, 0.51) 618 0.305 (~0.44, 1.37) 86 ~0.09 (<-1.93, 6.58) 2,222 0.051(-0.41,0.62)
4 NRRW 3rd update” 11,329 0.285 (0.06, 0.53) 659 0274 (-047,134) 195 1.61 (-0.04, 6.18) 3,058  0.028 (-0.38,0.51)
19,296 0.283 (0.10, 0.48) 846 0.2(-042,1.05) 206 0.2(-1.50,3.43) 3,263 0.13(-0.28,0.61)
5 J-EPISODE” 1326 0.29 (-0.81, 1.57) 218 —0.20(-2.94,255) 138 3.89 (—0.46, 10.34) 319 0.94(-1.24,3.90)
6 15-country'? 5,024 0.97 (0.27, 1.80) 347 0.49 (<0, 3.92) 62 6.47 (<0, 27.0) 1.457 1.86 (0.49, 3.63)
7 US (Pooled)™” 10.877 0.14 (-0.17, 0.48) 3514 0.069 (-0.43, 0.66)
8 Us (Nep) 368 0506 (-0.21,4.64)** 16 19.50 (-2.23, 141) 125 0246 (<-2.51,8.44)
9 France ™' 2312 0.34 (-0.56,1.38)** 98 4.02 (<0, 13.74) 80 1.71 (<0, 8.47) 585  1.20(-0.63,3.55)
10 Canada ™ 468 1.20(-0.73,4.33) 174 313(-045,104)

Italic denotes the results of incidence.
*1. All cancers.

*2: Liver and gallbladder.

*3: Trachea, bronchus, lung, pleura.
**: Solid cancers.
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Mortality

Observed Observed
deaths deaths
by Person Person
ok years Cumulative
dose

Fig.2 Treatment of internal exposure period and predicted results in NRRW.

70



Outline of the Latest NRRW Analysis 35

DICHRIFITLALEZDLL RV, TO&E, ERR O
Ex k& &¥n,

NRRW (2B} 5 WE#IE S R F— 7 b, PIEsH
X DHEEDATH B7:80, KigLITBWTHHHHEIE
CHRRAAGBEINFER, NEIBRGEHINAZ LI
DVWTHERENTWS, L LHRHIZ 0HsrE %K
AL 7455, ERR/SY ASHEINS 2 2 &, [THEHIEL
H Y OBEICBIT A ERR/Sv < IEBHEIE L 2 LOBEIC BT
% ERR/Sv] % %ML, Zhid INWORKS XA LY
TREh [HHEIELH Y OBEITE) 5 ERR/SY >
WEBHIE & LOBEIC BT 5 ERR/SV] & IdMiofE R E
%o Twhe WEHHIEL D2 HEZ BRI LT RI1Z
INWORKS DA AL X EhTwa, HIFEER
Bk < &A% A @ ERR/Gy D i HfESEMNX 048 TH Y, W
BIEL DBRVWFHEDERRGy 13072 Th A7, TH5
b [HEHIEL & Y OBEICB T B ERR/Gy < IERHEIE
% LOBEICBIT 5 ERR/Gy) LW I RERLE Ko TWh,
IHhSDFEREZMET S L, INWORKS A ARLICH
WTERENZ NEORGBEORIIZNUIERE R D
DT %L, WEHHIE L DD 5 H % BRI L7 R 1L,
ZOHEFACB T 2 NHEIE L DD HHFOHER LIETE
WWEASNAWREIEZ OIS,

4. BREZEERER
BIRMIIC DWW T 10 EDMIC 154, 20 2 RE L 72
fEFT AT bR TV 5, B % B  £45A D ERR/Sv X
DUToEBY)THb,
104 0.28 (0.06, 0.53)
154 0.27 (0.03, 0.53)
204 0.35 (0.08, 0.65)

axvh

IARC {2 & % 15 »EFEAT A 30, INWORKS JEATA
WD, 75V ADMEIEERLY, BARORUHRE
FREREE TEBRRYAREL %513 L ERR ATHH

I3 A BIAASE TV 52 (Table 5), AL T
1210 25 15 FDEFAMME 3R o TRV, D
JE B 1Z NRRW BLAAO FEHT T 12K I 0 A4E % 0 mSv
L LTEDDH, NRRW I TlIbRSE3 2 2 & ISR
LTWwaIaEMADH 5 (Fig. 3). HiH TIIHRBISEL T
BHRHOEE 2D OTAETH ), REHED
A7p  p B 7 dRIREE L @ ERR AR ICBB L,
CDFERERR/SY D X AKX 2% (Fig. 4). BHE
ROWPICEYVREHTT)— BT —2A3H 5
A, BEAOHFGIILEV. BETIHRY 2ZET 5
EREIBE T EAA L, ERR O 2 3BT HORD
AW E RERROBPEAEVIC L o THEE NS, #
R HIC BT 2 NMEZBRATREP L) IO Tod
FARBIZRVEEFZIRL TV DA, WEOHERR
HALTWAHENE VL) Thb. ThIFEHRMOEE
Kb THBERCEN—ETHHI Db, )T
E—HTHHWREEIEZIOND,

5. REFRICL AR
PEHHAERE 0-9, 1029, 30 ELL EICK G LTHEE
BUSIR 72358, 13 & AL ORI B TR & Rk
DRERDRONTz, BILHE% B { £4%A D ERR/Sv 12
ToLB)THA,
PERHERGHERT 028 (0.06, 0.53)
PEHHERGRAE S 037 (0.09, 0.88)

= I

—fi R L EHER S BIEOMHE (RE OB
HEHEHFERVUERFERZET S, Nodvnhzdhd
BEOWHHEEHOERL LTHVWRIHRELZET2) 2°H
HEEZOND, A% £4TA D ERR/Sy O L1
SEMHAE FAE T DT IET 30% W L 72 & L I3 B
(=PpEHER) LRERLOADOHY, T4bbiEii
HICBI %5 HWSE DFERRME LT 5 (Fig. 5). 15
HEBATO, HAROBNT TIIPEER DT %13 ERR/

Table 5 ERR/Sv and CI for various lag assumption.

Lag  15-country study®® INWORKS > France J-EPISODE””
(year) Circulatory di Circulatory di Solid cancers All cancers ex leukaemia
0 —0.04 (-0.85, 0.89) 0.80 (0.15, 1.46)

2 —0.14(-0.53,0.32)
5 —0.02(-0.46, 0.48)
10 0.09 (—0.43, 0.70)
15 0.48 (-0.23, 1.31)
20 0.30 (0.12, 0.49)

0.09 (0.03,0.22)
0.13 (0.004, 0.27)
0.22 (0.08, 0.37)
0.29 (0.13, 0.46)

0.05 (-0.78. 1.00)
0.14 (-0.71, 1.12)
0.34 (0.56, 1.38)
0.36 (0.63, 1.50)

1.10 (0.40, 1.80)
1.20 (0.43, 1.96)
1.27(0.39, 2.15)
1.58 (0.45, 2.72)

95%CI for 15-country study, 90%CI for other studies.
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n
o

Lag

I_I dose
Time
I'— Cumulative
Lag = 10 dose
(Other than NRRW) .

Time

10 years (Included in analysis as 0 mSv)

Cumulative
dose
Time

\—T—l
10 years (Excluded from analysis)

Lag = 10
(NRRW)

Fig. 3 The comparison in methodology of person-year
calculation and radiation dose accumulation between
NRRW and other studies.
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Cumulative dose

Fig. 4 ERR/Sv increases by lag assumption. Circles denotes
ERRs by dose category. ERRs by dose category move left
due to decreasing cumulative dose by lag assumption.

Sv 2 RESHMEE72, HIME % Bk £A°A D ERR/Sv
L 90%CI % Table 6 I[Z7”F o

6. TEBMIT

REZEEL L2EER O ERR/Sy I Table 3 1277 L
LBV TH D, RBITOWTHRE LMD 1T
bhTwa,

PERHE K TOREN, TR E Rk b BRI T
WBIELALEEFAON R ol 7272 L AKX 0.42
(-0.13, 1.12) # 5 0.71 (0.06, 1.55) L A FEIZH W
ERR/Sv 2R L, #IZIERIF ) Yovfii 126 (0.24,
2.63) PLAETIIEL BT,

Generally, cumulative dose has
positive correlation with
duration of employment.

Mortality decreases with cumulative
dose increasing.
It suggests HWSE in high dose group.

IR L
i5 ® g e
gtle £ [
Cumulative dose Cumulative dose
(% Duration of employment)

Adjustment for duration of employment increases ERR/Sv.

Fig. 5 Adjustment for duration of employment increases
ERR/Sv by HWSE in high dose group.

WEHIE 0B 2 EHEZRA LA, B2 R
{ &HA D ERR/Sy 13 0.28 (0.10,0.48) 45 0.62 (0.25,
1.02) & ERR/Sv IZhN L7zo EROLAI TV M D A AFR
S S A FITEW ERR/SY 2R L7z,

PEFE B ORI ARG % B { £45A D ERR/Sv &
0.28 (0.10, 0.48) A5 0.34 (ZHihN X &7=A%, HIMLHE- i -
JBE % Bz DA TIREESBA SN d oz, HILIFEE:
&) YNGR T ERR/SY 27 0.92 (022, 1.78) #°
LWL LARTII R Bol

axrp

I B Ar RS AT A IRTE @ 326 BlA & 5.460 ) & KR
W L 720 RUEIFRAT X Tl #0OTHRE LIzATAD I
BAEEEPADEE L, MOMBALDOPFAIFEEHRENT
WZRWIE, ROBMAHPR ZRPATRE L2HE0
AHBBEEE»AL LTHE IR TV, SH0D
update TIZH)D THA L7z ATAHIE RN AT A D
ERETHRAHEEE AL LTHE &N, ERD
KIFHHMEIZOZ EISERT 3 & Bbh b, ERR/SY
AT @ 1.497 (023, 3.4) 5 0.797 (0.40, 1.24) &
PRI LS L ko 72, BERHEIHL ol
OFTE FER, A b L & DITHFEICHmTE Y A2
HeEMEATR E iz

7. EBRLBIRAR
BB AL I AT O FEA 22 4 13, Tables 2, 3 1R L 72,

Table 6 ERR/Sv and 90% CI before and after adjustment for duration of employment in

study of 15-country and Japan.

Study

15-country study'” J-EPISODE”

Before adjustment for duration of employment

After adjustment for duration of employment

0.31 (-0.23, 0.93)
0.97 (0.27, 1.80)

0.29 (-0.81, 1.57)
0.83 (-0.42, 2.32)
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W@ R Lol GET), E (RE) THE
IZ# W ERR/SY 3 b 7z4%, Zfoke, RENEL
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Vo WERHEIE K DB 2 & BRYL L 72T T, T ()
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DX BAHEDIEIZH A A D ST, 100 mSv A 1R
ELBATIZBWTAHEICE W ERR/SY AR bz &
ZHRRTW5,

TR, EIME, BMI % D3SHKIC T 5 15 HAT
BnZlE, HEOBRRAL LTRRTWA,

axrb

AR OFERL, LHRESLENY—LEbh i
—Eoar—F2HWT, 370 FAEL WS B—ETIX
RABBEOBBANEICETE, BEBTOAL STRE
R DMERDRL AT L TH S,

FHH O ITREFLFROATE 2 E AR A DO & ik
RTW5A, TR oOMEFEEH % v
@ L7-fBTH 5. Wakerorp i3 [ )1 D BT RSEES
TIILF R DA% & F M FiE, BUSHEEEORA
HIZOWTHRREEN TV RWTRENDY, 20 LS
ZRITHEFBEROAZ HWTHET LAY R
7 ASBKICHEE END. (RREBSHRICE 25 EICH
WY R 27 4% B E D) INWORKS D RORRIZY 72 o
TREZDHEZLHEICEL LERD S| LHBRRTWED,
7z, FroMe 53 0 RIEFE (2D W TS R R
2 RET HEOMERTLEVEE, HEZTo%
WALV YR HEEMA 0% MEEBLILRRLTY
52, KR TW 1950 £ T -y AR ERT
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