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5% 13 B RIRREFT MBS ER 1-2ITHETHT A UNSCEAR #EEHBRBRIRUNER 2 £EM
BOLEBEMERWREREOEE ITHITSZZERICONT

1. RKF6-14 MO REIZEH 1T D UNSCEAR HEET FUKIRIRAUIRE (HRKE) EBMELGVDLEMSERENE
RELOEE

K 1. TATRAEICET D8 HFHERF (EIRE 6-14 5%, MRER K fE)

20mGy K 20-25mGy 25-30mGy 30mGy M E

25288 (N 52,875 39,434 34,169 36,775
i (%) 488 493 488 494
—RIEEZZEFEH (L5 H) 123 117 114 119
BREFERZEE (%)
2011 &2 3.1 14.0 127 230
2012 FE 213 824 85.6 28
2013 FEMEZ 756 36 1.7 742

£ 2. ABRAEIZBT 25 HEEA  GRIRE 6-14 7%, MRERK ()

20mGy K% 20-25mGy  25-30mGy 30mGy M £

22EH (N) 49,296 37,393 32,932 34,160
it (%) 489 495 490 495
—RIEEZZETEH (E5EH) 141 13.7 135 141
REFESZEEE (%)

2014 & 255 952 973 233

2015 FEME 745 48 27 767
wafER (%)

FATRZ2 54 2.1 24 42

2 F K 511 200 111 89

2~2 5 FKiG 411 727 81.8 610

25 FME 24 53 4.7 259
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*% UNSCEAR 2013 Report, Annex A, ATTACHMENT C-16, Table C-16. 2 MHETE F IR IRHA IR UL AR & (Total)

¥ JL OV ATTACHMENT C-18, Table C-18.5 OH#EE HURIRIRILINHR & (Total dose) Z i, [F—oifi
BTAS CHEEBOHEER BT STV DIGE TR Z M, & mBTA B O IE < 4 H A
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2. R 6-14 MOXMREICH TS UNSCEAR HEA FRIRIRINIRE (R/ME) BB LEMEROE

REL DREE*

£ 3. TATRAEICET DHHFHER T (BEIRE 6-14 5%, MRER/Miwe)

20mGy KRG 20-25mGy 25-30mGy 30mGy M E

22aE (N 56,247 44,868 32,058 30,080
it (%) 489 492 486 495
—RIEESZZEFE CEIO5FHE) 122 11.6 114 122
BREFEBORZEY (%)

2011 §E 88 231 7.0 79

2012 & 202 733 913 1.9

2013 FEMUE 711 36 1.8 90.1
R, RIERAEITIT 2K FEERE 1 GRIRY 6-14 5%, B/ M)

20mGy Kt 20-25mGy  25-30mGy 30mGy M E

22EW (N) 52,432 42,409 30,979 27,961
it (%) 490 495 488 496
—RIZEZZSFE CL5F#) 141 13.6 135 143
BREFEBDZZEH (%)

2014 & 298 94.8 974 80

2015 FE M 70.2 52 26 921
w&EER (%)

FIIRZ2 5.1 25 25 4.1

2F K 481 18.6 11.8 94

2~2 5 FKiG 432 69.8 814 63.3

25 FME 36 9.1 43 232
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#% UNSCEAR 2013 Report, Annex A, ATTACHMENT C-16, Table C—16.2 OHE G F IR AL 4R & (Total)
35 L Y ATTACHMENT C-18, Table C-18.5 OHERE FURIRKS I & (Total dose) Z ], [Rl—HiHT
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3. BEXFF 1S RULDORREIZE TS UNSCEAR H#EEH FUIRIRIRIVIRE (BRKIE) &BMEA L LEMREL

FRE L DEE*

K5, FATRAEICET DB MFER T (BRI 16 3R L, BRER )

10mGy K 10-15mGy 15-20mGy 20mGy M E

22aE (N 6,958 19,528 18,981 3919
it (%) 558 515 529 511
—RIEEZZIT T H (CLII5HD) 189 18.1 182 172
BREFEBORZEY (%)

2011 & 84 183 24 926

2012 & 1.2 68.0 56.0 50

2013 FEMUE 804 137 416 24
K 6. RIEMAEITIT 2 KRR 1 GRIKE 16 5% 0A L, BB K fEex)

10mGy Kl 10-15mGy 15-20mGy 20mGy Mt

22EW (N) 3,167 7,665 9,238 1,417
it (%) 586 554 56.2 556
—RIZEZZSFE CL5F#) 210 205 204 200
REFEBDZZEH (%)

2014 & 82 647 467 76.2

2015 FE M 918 353 533 238
w&EER (%)

FATARZEZ 240 9.6 10.1 4.8

2F K 248 232 282 73

2~2 5 FKG 413 440 476 179

25FME 9.9 233 141 69.9
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*% UNSCEAR 2013 Report, Annex A, ATTACHMENT C-16, Table C-16. 2 O HEE F R a0 IR & (Total)

5 OV ATTACHMENT C-18, Table C-18.5 OHEE HIR IR IR E (Total dose) Z{#H, [F—DT
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4. BXF 15 BMULEDRREICZE TS UNSCEAR HETFIRIRIRINRE (R/IME) EFBMEG L LEMEEEL
FRE L DEE*

KT, FATRAEICBT D8R T (BRI 16 3R L, SR/ M)

10mGy Kil 10-15mGy 15-20mGy 20mGy M E

22aE (N 8351 20,785 19,022 1,228
it (%) 549 515 529 518
—RIEEZZE T (LI95HD) 18.6 180 182 173
BREFEBORZEY (%)

2011 & 225 230 26 90.6

2012 & 103 64.0 559 6.4

2013 FEMUE 672 13.1 415 3.1

£ 8. AKMAICRIT DAMFHER 1 (BRI 16 L1 L, #RER M)

10mGy K 10-15mGy 15-20mGy 20mGy Mt

22EW (N) 3,492 8273 9,247 475
it (%) 589 553 56.2 535
—RIZEZZSFE CL5F#) 210 204 204 20.1
BREFEBDZZEH (%)

2014 & 138 66.2 467 70.1

2015 FE M 86.3 338 53.3 299
w&EER (%)

FATRZZ 225 9.1 10.1 438

2FXKH 230 219 282 10.7

2~2 5 FXKiE 422 400 477 30.1

25 FME 124 290 141 543
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Absorbed radiation doses in the thyroid as estimated by UNSCEAR and subsequent risk of childhood
thyroid cancer following the Great East Japan Earthquake.
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[ Journal of Radiation Research | (2020)

Ohira T, Shimura H, Hayashi F, Nagao M, Yasumura S, Takahashi H, Suzuki S, Matsuzuka T, Suzuki S, Iwadate M, Ishikawa
T, Sakai A, Suzuki S, Nollet KE, Yokoya S, Ohto H, Kamiya K; Fukushima Health Management Survey Group.
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ABSTRACT

The identification of thyroid cancers among children after the Chernobyl nuclear power plant accident propelled
concerns regarding long-term radiation effects on thyroid cancer in children affected by the Fukushima Daiichi nuclear
power plant accident in Fukushima, Japan. Herein we consider the potential association between absorbed dose
in the thyroid and the risk of developing thyroid cancer as detected by ultrasonography on 300 473 children and
adolescents aged 0-18 years in Fukushima. The absorbed dose mentioned in the present study indicates the sum
of that from external exposure and that from internally deposited radionuclides. We grouped participants according
to estimated absorbed doses in each of 59 municipalities in Fukushima Prefecture, based on The United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 2013 report. The $9 municipalities were
assigned to quartiles by dose. We limited our analyses to participants aged >6 years because only one case of thyroid
cancer was observed in participants aged <S years; 164 299 participants were included in the final analysis. Compared
with the lowest dose quartile, the age- and sex-adjusted rate ratios (95% confidence intervals) for the low-middle,
high-middle and highest quartiles were 2.00 (0.84-4.80), 1.34 (0.50-3.59) and 1.42 (0.55-3.67) for the 6-14-year-
old groups and 1.99 (0.70-5.70), 0.54 (0.13-2.31) and 0.51 (0.12-2.15) for the > 15-year-old group, respectively. No
dose-dependent pattern emerged from the geographical distribution of absorbed doses by municipality, as estimated
by UNSCEAR, and the detection of thyroid cancer among participants within 4-6 years after the accident. Ongoing
surveillance might further clarify the effects of low-dose radiation exposure on thyroid cancer in Fukushima.
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This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommonxorg/licenses/by—
nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use,
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INTRODUCTION

The Fukushima Daiichi nuclear power plant (NPP) accident, a
consequence of the 2011 Great East Japan Earthquake and subse-
quent tsunami, triggered an environmental release of radioisotopes.
Significantly more radioisotopes were released by the Chernobyl
NPP in 1986, after which many childhood thyroid cancer cases were
reported [1]. Although internal exposures to '*'I among children in
Fukushima were much smaller than those in Chernobyl, the long-term
effects of low-dose radiation exposure on thyroid cancer incidence
among residents in Fukushima is of concern. Therefore, in Fukushima
Prefecture, investigations began 6 months after the NPP accident
to assess potential abnormalities in the thyroid glands of children
aged <18 years, starting with ultrasound examinations. The aim was
to identify long-term effects of total absorbed dose to thyroid on
thyroid cancer incidence and to address concerns and anxiety among
Fukushima residents in a constructive way.

Recently, we reported the absence of any association between
regional and individual external radiation doses and thyroid cancer
detection rates among children in Fukushima within 4-6 years of
the NPP accident [2]. However, it is necessary to investigate possible
associations with internal radiation doses, because internal radiation
exposure was reported to be significantly related to the incidence of
thyroid cancer in children following the Chernobyl accident [1]. This
prospective study uses ultrasonography and follow-up investigations to
consider any association between absorbed doses in the thyroid glands
of Fukushima children and adolescents, including that from internally
deposited radionuclides as well as that from external exposure, and the
risk of subsequently developing thyroid cancer.

MATERIALS AND METHODS

Under the Fukushima Health Management Survey, thyroid gland
examinations were offered to 367 685 people who were 0-18 years
of age at the time of the NPP accident, as previously described [3].
Initial/baseline thyroid examinations proceeded from October 2011
to April 2015, with 300 473 subjects (82%) participating, including
evacuees living in other prefectures [2, 4]. Japan’s civil registration
system and the Fukushima Health Management Survey database
allowed us to link thyroid cancer diagnoses to original municipalities
of residence. Follow-up examinations were conducted in those who
had no thyroid cancer detected at baseline and who subsequently
consented to participate in a follow-up survey that finished in
June 2017. Thereafter, 245 530 participants underwent follow-up
investigations, of whom 2049 were recommended for secondary
confirmatory examinations. Of these, 1,670 (81.5%) completed follow-
up, including 214 (10.4%) who underwent fine-needle aspiration
cytology (FNAC). Among these, 70 presented with nodules that were
classified either as malignant or suspicious for malignancy, and 52
received surgical treatment. Study approvals (#1318 and #1294) came
from the Ethics Committee of Fukushima Medical University, which is
guided bylocal policy, national law and the World Medical Association
Declaration of Helsinki. Informed consent was obtained from legal
guardians of all children participating in the survey.

The United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) estimated absorbed doses in the thyroid
gland for individuals throughout Japan by age group (i.e., adults,

®—19

10-year-old children and 1-year-old infants) during the first year
following the Fukushima Daiichi NPP accident [ S ]. Here, the absorbed
dose estimated by UNSCEAR was the sum of that from external
exposure and that from internally deposited radionuclides. Many
residents living in areas surrounding the Fukushima Daiichi NPP were
forced to evacuate because of elevated radiation levels from the nuclear
accident. Absorbed doses for these evacuees were estimated according
to their evacuation scenarios. Owing to the fact that there were several
evacuation scenarios in each municipal area, we considered the highest
and lowest values as the maximum and minimum representative values,
respectively, for each municipality [5], and we applied the values
by age group to render individual absorbed doses. We enumerated
participants by estimated absorbed doses in their thyroid glands in each
of Fukushima’s 59 municipalities. Subsequently, we classified these 59
municipalities into quartiles by dose (Figs 1 and 2).

To calculate person-years, observation times from baseline primary
examination to follow-up primary examination were summed. Because
all cases of thyroid cancer were found by ultrasonograpy and were
asymptomatic, we used detection rate rather than incident rate. We
calculated the rate ratios (RRs) and 95% confidence intervals (Cls) for
thyroid cancer development in all areas. The quartile with the lowest
radiation dose was used as a control reference; using Poisson regression
models, we then adjusted for age, sex and examination year. Further-
more, we limited our analyses to participants aged >6 years because
(unlike Chernobyl) only one case of thyroid cancer was observed
in participants aged <S years. As a result, 164 299 participants were
included in the final analysis. In addition, we analysed the data stratified
by age groups. UNSCEAR considered the following three age groups
for dose estimation: adults, children and infants (>15, 6-15 and
0-$ years, respectively). Different doses were assigned to each age
group in accordance with age-dependent dose factors [S]. SAS version
9.4 (SAS Institute, Cary, NC, USA) was used for all statistical analyses.

RESULTS AND DISCUSSION

Table 1 presents the adjusted RRs (95% Cls) for thyroid cancer accord-
ing to maximum estimated absorbed doses by quartile. In comparison
to the lowest quartile, age- and sex-adjusted RRs for the 6- to 14-year-
old group (95% Cls) with respect to the low-middle, high-middle and
highest quartiles were 2.00 (0.84-4.80), 1.34 (0.50-3.59) and 1.42
(0.55-3.67), respectively (P for trend = 0.76). Corresponding values
for the >1S-year-old group were 1.99 (0.70-5.70), 0.54 (0.13-2.31)
and 0.51 (0.12-2.15), respectively (P for trend = 0.89). After further
adjusting for examination year, the RR for the low-middle and high-
middle quartiles decreased to 1.42 (0.52-3.86) and 0.90 (0.29-2.77)
for the 6-14-year-old group and 1.37 (0.43-4.34) and 0.38 (0.08—
1.72) for the >1S-year-old group, respectively.

The adjusted RRs (95% Cls) for thyroid cancer according to the
minimum estimated absorbed doses exhibited the same trends as
those for the maximum absorbed doses (Table 2). The age- and sex-
adjusted RRs (95% Cls) for the low-middle, high-middle and highest
quartiles compared with the lowest ones were 1.62 (0.61-4.32), 1.68
(0.74-3.83) and 1.35 (0.52-3.50) for the 6-14-year-old group (P for
trend = 0.54) and 2.03 (0.72-5.74), 0.66 (0.17-2.51) and 0.23 (0.03—
1.97) for the >1S-year-old group (P for trend = 0.09), respectively.
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Fig. 1. Geographical distribution of the highest, high-middle, low-middle and lowest dose areas based on maximum estimates by

UNSCEAR, stratified by age groups.
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Fig. 2. Geographical distribution of the highest, high-middle, low-middle and lowest dose areas based on minimum estimates by

UNSCEAR, stratified by age groups.

No dose-dependent pattern emerged according to geographical
distribution of absorbed doses (by municipality, as estimated by
UNSCEAR) for the detection rate of thyroid cancer among partic-
ipants within 4-6 years after the Fukushima Daiichi NPP accident.
We previously reported that regional and individual external radiation
doses were not associated with the prevalence and/or detection rate of
thyroid cancer after the accident [2, 4, 6, 7]. Therefore, our current
results underscore that both external radiation exposure and the
absorbed dose in the thyroid, including that from internally deposited
radionuclides, shows no association with an increased risk of thyroid
cancer among children in Fukushima.

In contrast, a recent ecological study suggested a positive correla-
tion between the average June 2011 radiation dose-rates in Fukushima
Prefecture’s 59 municipalities and the corresponding thyroid cancer
detection rates from October 2011 to March 2016 [8]. However, this

discrepancy can be explained by how radiation doses were estimated
and by variations in the fraction of cases that proceeded to FNAC
examination in confirmatory testing among Fukushima’s $9 munic-
ipalities. More specifically, the previous ecological study [8] based
associations on average dose rates in the municipalities according to
ground deposition densities of cesium measured in June 2011. On the
other hand, our absorbed dose estimates take account of evacuation
scenarios for those residents near the Fukushima Daiichi NPP who
were evacuated shortly after the NPP accident. Therefore, we were able
to analyse the associations between radiation doses and detection of
thyroid cancer more accurately.

In addition, the FNAC rates among those receiving confirmatory
testing varied by municipality [9]. Municipalities that had lower expo-
sure rates also tended to have lower rates of FNAC. Therefore, rates
of thyroid cancer detection in these lower-exposed municipalities were
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Table 1. Median (interquartile range), characteristics of participants and adjusted RRs (95% ClIs) for thyroid cancer according to

maximum absorbed doses in thyroid glands, as estimated by UNSCEAR

Lowest quartile  Low middle High middle Highest quartile Total

Age 6-14 years

Absorbed dose (mGy), range 14.00-18.81 18.82-22.82 23.96-28.73 31.16-58.0

No. at risk 35175 44 555 33387 32390 145 507

Sex (female), % 49.2 49.5 49.1 49.7 494

Age at NPP accident (years), median (25-75%) 10 (8-12) 10 (8-12) 10 (8-12) 10 (8-12) 10 (8-12)

Age at baseline thyroid examination (years), 14 (12-16) 14 (12-16) 13 (11-16) 14 (12-16) 14 (12-16)
median (25-75%)

Participants needing confirmatory testing, n (%) 341 (0.97) 448 (1.01) 328 (0.98) 320 (0.99) 1437 (0.99)

Participants completing confirmatory testing, 271 (0.77) 357 (0.80) 273 (0.82) 269 (0.83) 1170 (0.80)
n (%)

Participants getting FNAC, n (%)* 20 (7.4) 45(12.6) 44 (16.1) 31(11.5) 140 (12.0)

Examination year

2014 (%) 7645 (21.7) 38370 (86.1)  33366(99.9) 8083 (25.0) 87 464 (60.1)

2015-17 (%) 27530(78.3)  6185(13.9) 21(0.1) 24307 (75.0) 58043 (39.9)

Interval from baseline to follow-up examination 2.0 (1.9-2.1) 2.1 (2.0-2.2) 2.1(2.1-2.2) 2.3 (2.1-2.6) 2.1(2.0-2.3)
(years), median (25-75%)

No. of cases 7 18 9 11 45

Detection rate per 100 000 person-years 10.1 19.2 12.5 14.7 14.5

Age- and sex-adjusted RR (95% CI) Ref. 2.00 (0.84-4.80) 1.34 (0.50-3.59) 1.42(0.55-3.67) (Trend P=0.76)

Age-, sex- and examination year-adjusted RR Ref. 1.42 (0.52-3.86) 0.90 (0.29-2.77) 1.41(0.55-3.64) (Trend P=0.89)
(95% CI)

Age >15 years

Absorbed dose (mGy), range 7.88-11.45 12.48-15.00 15.42-16.30 17.35-35.00

No. at risk 4599 4827 4430 4936 18792

Sex (female), % 57.9 55.5 56.7 56.2 56.6

Age at NPP accident (years), median (25-75%) 16 (15-17) 16 (15-17) 16 (15-17) 16 (15-17) 16 (15-17)

Age at baseline thyroid examination (years), 21 (20-22) 20 (19-21) 20 (19-21) 21 (20-22) 20 (19-21)
median (25-75%)

Participants needing confirmatory testing, n (%) 125 (2.72) 134 (2.78) 109 (2.46) 146 (2.96) 514 (2.74)

Participants completing confirmatory testing, 105 (2.28) 113 (2.34) 88 (1.99) 114 (2.31) 420 (2.23)
n (%)

Participants getting FNAC, n (%)* 7(6.7) 18 (15.9) 14 (15.9) 7 (6.1) 46 (11.0)

Examination year

2014 (%) 1778 (38.7) 4825 (99.96) 4426 (99.9) 1349 (27.3) 12378 (65.9)

2015-17 (%) 2821 (61.3) 2 (0.04) 4(0.1) 3587 (72.7) 6414 (34.1)

Interval from baseline to follow-up examination 2.1 (2.0-2.3) 2.1 (2.0-2.6) 2.1 (2.0-2.2) 2.2 (2.0-2.6) 2.1(2.0-2.5)
(years), median (25-75%)

No. of cases S 12 3 3 23

Detection rate per 100 000 person-years 51.0 108.2 30.9 26.6 54.9

Age- and sex-adjusted RR (95% CI) Ref. 1.99 (0.70-5.70) 0.54 (0.13-2.31) 0.51(0.12-2.15) (Trend P=0.10)

Age-, sex- and examination year-adjusted RR Ref. 1.37 (0.43-4.34) 0.38 (0.08-1.72) 0.55(0.13-2.33) (Trend P=0.08)

(95% CI1)

*Participants who underwent FNAC / participants who completed conﬁrmatory testing.

likely lower because the fraction of those receiving FNAC is strongly
associated with the detection rate of thyroid cancer. In other words,
such underestimation may have contributed to an erroneous conclu-
sion. Despite the fact that age- and sex-adjusted RRs in the low-middle
and high-middle quartiles, compared with the lowest quartile, were
2.00 and 1.34, respectively, for the 6-14-year-old group (Table 1), the

®—21

adjusted RRs decreased to 1.42 and 0.90 after further adjustment for
the examination year. In fact, this adjustment is strongly associated with
the respective FNAC rates. Furthermore, the rates of FNAC for 6—
14-year-old participants in the low-middle, high-middle and highest
quartiles were higher (low-middle, 12.6%; high-middle, 16.1%; and
highest, 11.5%) than those in the lowest quartile (7.4%; Table 1). On
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Table 2. Median (interquartile range), characteristics of participants and adjusted RRs (95% CIs) for thyroid cancer according to

minimum absorbed doses in thyroid glands, as estimated by UNSCEAR

Lowest quartile ~ Low middle High middle Highest quartile Total

Age 6-14 years

Absorbed dose (mGy), range 12.00-18.81 18.82-22.61 22.82-28.73 29.00-58.00

No. at risk 38262 23037 57 547 26 661 145 507

Sex (female), % 49.3 49.7 49.1 49.7 494

Age at NPP accident (years), median (25-75%) 10 (8-12) 10 (8-12) 10 (8-12) 10 (8-12) 10 (8-12)

Age at baseline thyroid examination (years), 14 (12-16) 13 (11-16) 14 (11-16) 14 (12-16) 14 (12-16)
median (25-75%)

Participants needing confirmatory testing, n (%) 380 (0.99) 251 (1.09) 551 (0.96) 255 (0.96) 1,437 (0.99)

Participants completing confirmatory testing, 302 (0.79) 213 (0.92) 444 (0.77) 211 (0.79) 1,170 (0.80)
n (%)

Participants getting FNAC, n (%)* 25(8.3) 23(10.8) 69 (15.5) 23 (10.9) 140 (12.0)

Examination year

2014 (%) 10728 (28.0)  16876(73.3)  57501(99.9) 2359 (8.8) 87 464 (60.1)

2015-17 (%) 27534 (720) 6161 (26.7) 46 (0.1) 24302 (912) 58043 (39.9)

Interval from baseline to follow-up examination 2.0 (1.9-2.1) 2.1(2.0-2.4) 2.1(2.0-2.2) 2.2 (2.1-2.5) 2.1(2.0-2.3)
(years), median (25-75%)

No. of cases 8 8 20 9 45

Detection rate per 100 000 person-years 10.4 15.9 16.4 14.8 14.5

Age- and sex-adjusted RR (95% CI) Ref. 1.62 (0.61-4.32) 1.68(0.74-3.83) 1.35(0.52-3.50) (Trend P=0.54)

Age-, sex- and examination year-adjusted RR 1.22 (0.43-3.49) 1.12(0.43-2.95) 1.60 (0.59-4.33) (Trend P=0.43)
(95% CI1)

Age >15 years

Absorbed dose (mGy), range 7.20-11.12 11.28-12.62 13.31-16.30 17.35-34.00

No. at risk 4604 5160 4989 4039 18792

Sex (female), % 58.1 54.8 572 56.3 56.6

Age at NPP accident (years), median (25-75%) 16 (15-17) 16 (15-17) 16 (15-17) 16 (15-17) 16 (15-17)

Age at baseline thyroid examination (years), 21 (20-22) 20 (19-21) 20 (19-21) 21 (20-22) 20 (19-21)
median (25-75%)

Participants needing confirmatory testing, n (%) 124 (2.69) 144 (2.79) 128 (2.57) 118 (2.92) 514 (2.74)

Participants completing confirmatory testing, 103 (2.24) 120 (2.33) 104 (2.08) 93 (2.30) 420 (2.23)
n (%)

Participants getting FNAC, n (%)* 7 (6.8) 23(19.2) 15 (14.4) 1(1.1) 46 (11.0)

Examination year

2014 (%) 1784 (38.7) 5156 (99.9) 4985 (99.9) 453 (11.2) 12378 (65.9)

2015-17 (%) 2820 (61.3) 4(0.1) 4(0.1) 3586 (88.8) 6414 (34.1)

Interval from baseline to follow-up examination 2.1 (2.0-2.4) 2.1 (2.0-2.6) 2.1 (2.0-2.3) 2.1 (2.0-2.5) 2.1 (2.0-2.5)
(years), median (25-75%)

No. of cases S 13 4 1 23

Detection rate per 100 000 person-years 50.1 107.6 36.0 11.5 54.9

Age- and sex-adjusted RR (95% CI) Ref. 2.03 (0.72-5.74) 0.66 (0.17-2.51) 0.23(0.03-1.97) (Trend P=0.09)

Age-, sex- and examination year-adjusted RR

(95% CI1)

1.66 (0.47-5.86) 0.54(0.12-2.45) 0.26 (0.03-2.42) (Trend P=0.08)

*Participants who underwent FNAC /1 participants who completed confirmatory testing.

the other hand, our findings did not reveal any significant difference
in the proportions of participants needing additional confirmatory
testing among the groups: 0.97, 1.01, 0.98 and 0.99 for the lowest, low-
middle, high-middle and the highest quartile, respectively (Table 1).
These findings may support our hypothesis, although the underlying
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groups are not completely elucidated.

causes for the distinct differences in the FNAC rates among the quartile

The strengths of this study are the inclusion of a relatively large
number of residents in a prospective manner, including both evacuees
and non-evacuees following the Fukushima accident. Ultrasonography
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was used to investigate the thyroid glands of participants in a baseline
survey and subsequent follow-ups. Furthermore, to avoid an ecology-
based fallacy, we analysed associations between absorbed radiation
doses and detection rate of thyroid cancer after adjusting for con-
founding factors, such as age, sex and examination year, whereas pre-
vious ecological research could not adjust for such factors [8, 10].
Nevertheless, there are potential limitations of the study that need
to be considered. First, although absorbed doses were estimated by
UNSCEAR according to evacuation scenarios, individual absorbed
doses could not be uniquely established. In fact, UNSCEAR has stated
that dose estimates in their 2013 report may be higher than actual expo-
sures as a result of the limited information available before UNSCEAR
had completed its 2013 report [S]. Therefore, associations between
the absorbed doses and the detection rate of thyroid cancer may be
underestimated/ overestimated. Second, although all participants who
underwent secondary confirmatory examinations at any location and
were diagnosed with thyroid cancer were counted, some who did not
undergo primary examination or secondary confirmatory examination
at follow-up could have undocumented thyroid cancer in the present
study. This could modify the results. However, if the proportion of
such participants did not differ among the absorbed-dose quartile
groups, associations between doses to the thyroid and detection rate
of thyroid cancer would not be affected by this issue. Furthermore,
because of the short timeframe used to assess all thyroid cancers,
further long-term follow-up surveys need to be conducted to clar-
ify the effects of low-dose radiation exposure on thyroid cancer in
Fukushima.
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B (TR TR &)

F1 ERE6~14EDTREIZH T DUNSCEARHKETE FIRIRILINE 8 (B KE) " EAKKRE (RE3
BEEDIZHEITHEMHGODLEMNRWVERFELORE ERAE)

=X~ 14, RERKIE 20mGyRi#i  20-25mGy  25-30mGy  30mGyLlE

14 (%) 49.4 50.3 49.7 49.9
— RIREZZFER (Y EE) 15.3 14.9 14.9 15.5
BREFEZZETE (%)

20164EfE 27.7 95.0 96.5 23.1

2017 E LIRE 72.3 5.0 35 76.9
BRERIFE™ (%)

RITRE-AKREE(BE2EEB)XZ2 05 0.2 0.3 0.6

E R 62.4 61.7 31.9 239

24E LI L2 5K 28.6 32.8 62.4 59.7

255 LIk 8.4 5.2 5.4 15.8
EM-EMREOERY 8 5 2 12

ZREN0AADHTY) 22.3 18.0 7.9 47.2

*1:UNSCEAR 2013 Report, Annex A, ATTACHMENT C-16, Table C-16.2M# & IR IR LR IR E
(Total)& KUFATTACHMENT C-18, Table C—-18.5M #E & B IK IR ¥R UN$R = (Total dose)Z{F A, Fl—
DHETM CTHEBDHEERENRTINTWDIEEEIRKIEZFER., EHHAF A OHIEEREEE
ANZHETIEOH- LT, BILEREZ4E DA,

* 2 AKRIBE (BEIER) —XKBREA L, FORICZZLE-RE (RTREELIIAKEE (BE2E
B))D—XRuEZZHEDORER,

HKEXBFERNEBEEICES,

XKEMITEIANBRFADT—RIZLD,

%2 RKE15HLEONREITH T SUNSCEARNEE R RIMIRAE (BAMD) " EAMRE (95
SEIE)AU-H A ERANLEMENRERLEOEE (BFRAE)

BEXRFEFISZRLL, ERKE 10mGy&Ri#  10-15mGy  15-20mGy  20mGyLAE

%1% (%) 63.3 60.2 58.5 58.0
— RIGEZZFER (FHFE) 22.8 22.3 22.4 22.2
BREFEZZEIE (%)

2016 & 7.3 54.0 345 55.6

201 7 E LIR&E 92.7 46.0 65.5 44.4
BERR" (%)

ETRE-AERERE20B)RZE 143 6.1 55 2.9

Rz 46.6 455 36.0 27.8

2L F2 55K 11.8 11.6 24.9 22.2

255 Ll 27.3 36.8 33.5 471
EH-EEROERY 0 1 2 0

FREN0AAHTY) 0.0 36.1 60.2 0.0

* 1. RI1DELEFESHE,

RHBERE(FRAEEEFEFN)ZED,

KA E (RBIER)"—RBERE. ZOHNICZZL-RE GITRBEE- IR ERE (BE2
BB))D—XEEZZ HEDMRR,

XKEXHERNEBEAEIZRS,

XEMTEFEIRAEBRDT—2I2LD,
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F15E R R AR (B 2 426 H15H)  &kF3-2

HREOERBHERICONT

KZLE
100% (A) (B) (C) R TREZDE
BRE2RERZE
=
90% @ESEE X az
'111111"'“““””'“”<%7555'I"@ﬁ pExEDE"
= 23,8341 17 S EN
80% _ A ‘13742 _______________ x‘
me ORITRERD +
:: *ﬁﬁs IEI 5*10)37‘&54’/\
0% F 10,624
11111 '
= 4
60% |-
= %@) 2
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i ol &
B @ @ IEI % b E
40% {300, 472 mE % BER =2
S £7 &7 FIW OB
i ot 28 ftX &
= 246, 706 EzE @mz & =
30% I E®% B2 # B
B +82 =% '
- 190,423 3+ B+ 3
20 F g E‘
£ ] 1
= % =
10% | 2 £
REnosTa & &
n e R 2 2R 2 V..

%{THRE REER REIEEY
I REIABICEHERE (TR4 EEETN)ES T,

¥ RRBEICIIRERARNDATEZEL,
¥ FITRERZZIDZEDRDOBREVIT WA ERZEZ LIzA.

B1 £TRE.AHERERE2EE) . FERERE I EB) -HERE (T 4 FELEFTI)ICHETEHZ
DERBIUREZDER
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BEROKHHRE
<E#H 31>
£ 1 [EKE 6~14 BROMREIZHIT5 UNSCEAR # E FRFRIVRE (RAE) EAKRKRE(BRE3EAE)
[CEITHEEHGZVLEESEOFERRLOBE (FEIAE) |
2 IEXBH 15 B LOREEIZH 15 UNSCEAR HEE FIRIRRINIR E (R KME) EARE (RE3IEE)
[CHTEBEHEVDLESRVERELORE EHRAE)
> KREXZR: (C)ORBITES D55, EXFICHBRFRNDRABREDSA

<EH 32>
1 TREMEBEGHNCAHA-ETRE. AERERE 20 R) . ARKRERE IEB) -HEHKRECER
4 EEEFN)DZEE)

> EEHXMR:(A)-(B)(C) (KEREDNZHENDH)
%2 TZZEHANH-LTRE. AMEBRETBRZT 2EE) . AEBRE(BRE IEE) -HERE (TRK 4 £
£FEN) DBREHEER]
> &R (A)-(B) - (C) DHEHITERS
% 3 TEXBEBICH-ATRE. ARET(BRZ 2EE) . AEREBREIEE) -HERE (TR 4 F
EAEN)NSDE, SLUEKBEIOERE—RIREZLHETOERY
> KHHR:O-@-@+®
% 4 TEKSBEBICH-ATRE. ARBRET(BRZ 2EE) . AEEE(BREIEE) -HERE (TR 4 F
EEEN)IZBT5Z2EH. —RE B TR, MUSERE B - BHRORRER)
> KHHR:D-Q-@+®

<&EH 3-3>

®1 EXBERaH -2 B HIEER, MiE2Rkx. Bit-BHERVR(TITRERDZE) )
> EERZK:O

x2 [EXEEnRlCaH -2 B ¥IEH. MiE2RER. Bt -BERVB(EITRERRZZE) ]
> HERR:O

<E# 3-4>
F 1 EXKEF 6~14 BOXREIZHFTS UNSCEAR #HTE FRIFRIVIRE (RKE) EREREICBITSEN
BOLEMSRVERELOBEGEMAE) ]
®2 IEXKE 15 ZRULDRREIZH TS UNSCEAR H#E BIRIRRIVG E (RAME) EREREICE T EM
BOLEMSRVERELOBEGEMAE) ]
> HHAR: Q055 EXBICHBRERMIMORABEDOA
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K1 BREMREEMACAH-ERITRE. ABRE(RE2EE) . AMERE (REIRB) -BHBERE (F

BAEEEEN)DZDE
EITRE AEHBRE (BRE2EE) AHEBRE(REEE™)
AR NRE 22 HRE ZHE FOE £y 20E
EHT AK A BIE®%  AH A BE®% A A BIE®
0 1,908 1,627 85.3 0 - - 0 - -
1 9,590 8,151 85.0 0 - - 0 - -
2 16,360 13,132 80.3 7,933 5,483 69.1 0 - -
3 16,528 13,447 814 14,944 10,324 69.1 0 - -
4 17,025 14,187 83.3 16,439 11,732 71.4 7,959 4,026 50.6
5 17,407 14,681 84.3 16,535 11,864 71.8 14,980 7,976 53.2
6 17,557 16,675 95.0 16,970 15,608 920 16,457 14,581 88.6
7 17,814 17,050 95.7 17,415 16,155 928 16,540 14,799 89.5
8 18,707 17,902 95.7 17,411 16,201 93.1 16,969 15,310 90.2
9 18,972 18,191 95.9 17,709 16,574 93.6 17,417 15,736 90.3
10 19,545 18,741 95.9 18,666 17,503 93.8 17,408 15,775 90.6
11 19,959 19,179 96.1 18,830 17,656 93.8 17,707 16,043 90.6
12 20,003 19,196 96.0 19,510 18,036 924 18,667 16,636 89.1
13 20,556 19,570 95.2 20,005 18,340 91.7 18,829 16,600 88.2
14 20,779 19,601 94.3 19,984 18,233 91.2 19,507 17,094 87.6
15 20,664 15,563 75.3 20,522 17,700 86.2 20,004 15,999 80.0
16 21,328 15,791 74.0 20,588 17,791 86.4 19,981 16,086 80.5
17 21,641 14,619 67.6 20,692 16,380 79.2 20,514 15,454 75.3
18 21,933 11,581 52.8 21121 7,072 335 20,575 4,639 225
19 19,474 8,574 440 21,659 6,148 28.4 20,681 3,760 18.2
20 9,887 3,014 30.5 21,922 5,357 244 21,114 3,153 14.9
21 0 - - 22,502 4,795 21.3 21,647 3,090 14.3
22 0 - - 9,887 1,588 16.1 9,713 1,147 11.8
23 0 - - 0 - - 0 - -
24 0 - - 0 - - 22,653 2,234 99
2K 367,637 300,472 81.7 381,244 270,540 71.0 359,322 220,138 61.3

HARBEDOHREBDIEEDI/BRERA XERICRBLEBROFEHESEGIARELSDS.
*2. KR E (REIEB) OKEFHICIHERE (FR4EELEFNEET.

MERELZZEL-28%&HRKREL=,
KETRE -ABBRE(BE2EB) IEFEMIEIAINAEA. AZBRE (RAIEAB) - B2E (FEH4
FEEATN) IS TEIANBERADT—RIZLS,
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%2 FREBACHETRE. ARRE (RE2ER) . AERE REIAD) -5 BRE (FRAEE

EFh)DBRERZR
F2-1 BREICHITEH—RREBHIEEE
KITRE AERE (BE2EE) AigRE (REIEA™)
28R B¥IE ZPAE B¥I%E XE B¥|E
SERER AR A EAY AK A EAY AK A =a™
0-4i5% 40,667 27 007 19,437 3 0.02 1,326 0 0.00
5-97% 84,159 141 0.17 75123 86 0.11 61,375 29 0.05
10-14%% 95,999 593 0.62 89,196 567 0.64 81,666 352 0.43
15-19%% 70,510 1,215 172 70,561 1,098 156 63,581 827 1.30
20-247% 9,137 318 348 16,223 473 292 10,851 336 3.10
255K LA £ 0 - - 0 - - 1,339 55 411
21K 300,472 2,294 0.76 = 270,540 2,227 0.82 220,138 1,599 0.73
£R2-2 EREIZHITAHAEZERE
KITRE AERE (BE2EE) AigEE (REIEA™)
2B iR k- e S 25 EnliREE S
SZORER  AH A EAY AK A EEAY AK A =a™
0-4i% 40,667 0 0.00 19,437 0 0.00 1,326 0 0.00
5-97%% 84,159 8 0.01 75,123 2 000 61,375 0 0.00
10-145% 95,999 123 0.13 89,196 54 006 81,666 21 0.03
15-19%% 70,510 341 048 70,561 107 015 63,581 50 0.08
20-247% 9,137 75 082 16,223 44 027 10,851 12 0.11
25 Ll 0 - - 0 - - 1,339 4 0.30
21K 300,472 547 0.18 270,540 207 0.08 220,138 87 0.04
#2-3 BREICBITHEM-BEHREVERE
EITIRE AiEBE (BRE2EE) Az (REIEE™)
ZE  BHE-BEHERL 2E2E OBEM-EMREN 22 Eif-EHEEL
SZRRER  AH A EAY AK A EAY AK A =a™
0-4i% 40,667 0 0000 19,437 0  0.000 1,326 0  0.000
5-95% 84,159 1 0.001 75,123 2 0003 61,375 0 0.000
10-145% 95,999 21 0022 89,196 17 0.019 81,666 9 0011
15-19%% 70,510 77 0109 70,561 36  0.051 63,581 18 0.028
20-247% 9,137 17 0186 16,223 16 0.099 10,851 4  0.037
25k Ll b 0 - - 0 - - 1,339 1 0075
21K 300,472 116  0.039 270,540 71 0.026 220,138 32 0015

¥ ABIRE (REIEB) OEFHICIEBERE (FRAEELEFN)ZET,

*x2EITREBERY

HITHT DG

*¥IAR]BIRE (RE2EB) RZEICHT DEIE
*ABIRE (REIEB) -HBRE (FR4EEEFTN) RZEISHT HEIG,
X%#ﬁﬁ%i"‘u‘—é BZEHRAMREL,

KETRE -ABRBRE(BE2E B) IEFEMIEIAINARA. AEBRE(RAEAB) -HiBRE (ER4E
riiin) [EISEMTEIANBRFADT—RIZLD,
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x3
AFN)DRBER, BFIUBRKAICERE-—RREZLHEFTOEH

BREER AT KTRE, ARRE (RA2ED) | AERE (REIEE) -5 B RE (FRAFE

ZITRE  ARREMRE?2 FMERERES ARRERES RXBELILOFY
RDE ER)®ZZE @EE)'22 mB) " 2sE (R {E)
e (RATRERZDEIC (RTREZBEIC RiT-RA2EE2
=K HF R3) (%)) PEICE)
Fin
A mex? AP 2RE? OAKM 2R AT 2Bx? X7 BE BRE -
) %) %) %) 2 3 Ha44
4L 71,184 100 63572 893 64385 904 59398 834 20 40 60
5-9%% = 89,362 100 85467 956 80558 90.1 78655 880 19 40 59
10-144% 90522 100 78648 869 48860 540 46,720 516 17 38 57 :
15m Ll 49404 100 18998 385 7,228 146 5635 114 19 40 58 66
&£f{Kk 300472 100 246,685 821 201,031 669 190408 634 19 40 59 66

1 ABIRE (REEBE) DEFICIEHBERE(FHAEFELEFNEET
KZZRIETREZZERICHTHEE,
¥ EITRETEME - BHERVOEHESN=HIERRS

*4FATREF IR BIRE (RE2EB) TEME - BHERVEHESN=HIERR
KETRE -ABRE(RE2E B) (FFMI0EIAIBER., AERE (REIEE) BB #&E (FR4E

EEFEN) TFMITFIANBRRDT—RIZLS,
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R4 ERBERIICHETRE, AEREREED)  FHRE REEE) -8B HRE (T A
FEETN)HIT— RREBHTE, MHDEEE. Bl BHREVXRE

F4-1 EREICEITH5—RREBHIEER

— RIREBHIE
RITRE BEMEE BESEE BESEE
= ek (ETRZAEICRD)  (kr=22EcBR2)  (RIT-RE2RERZZ
X - "
P EIZR5)
AE B NS BE&%w  ANE BIETw AET EEY®)
A LT 72 0.10 48 0.08 45 0.07 43 0.07
5-97% 270 0.30 395 0.46 496 0.62 487 0.62
10-145% 855 0.94 1,103 1.40 747 1.53 713 1.53
15 L E 1,097 2.22 512 2.70 233 3.22 170 3.02
21K 2,294 0.76 2,058 0.83 1,521 0.76 1413 0.74
F4-2 BRBEIZBITAHEZERE
EITRE EEELE B&E3EH ®&EEE
=5 i (RITRBEICRD)  (kF22EICRE)”  (RIT-REEEZP
Ey{ *, —_ *1
g EIZR5)
A BAw | AET® BETm) AT BETYw AR AW
A LT 0 0.00 0 0.00 2 0.00 2 0.00
5-97% 36 0.04 35 0.04 29 0.04 27 0.03
10-145% 209 0.23 109 0.14 39 0.08 37 0.08
15m Lk 302 0.61 47 0.25 9 0.13 4 0.07
ESRE 547 0.18 191 0.08 79 0.04 70 0.04
#=4-3 BREIZBITH2EM -BEHFVERE
BB
ETRE #wE2EH B&E3EH BE3EE
g (RITREZEICRD) | (kF=22EIzBR2)"  (ET-RE2EBEZ2
= INH3 _ *1
E8 EIZBR5)
AB BIE2  AETE BIEw  AET BIEYw AT BIEAW
AF LT 0 0.000 0 0.000 0 0.000 0 0.000
5-95% 5 0.006 11 0.013 11 0.014 11 0.014
10-145% 39 0.043 36 0.046 16 0.033 16 0.034
158 LA E 72 0.146 23 0.121 2 0.028 0 0.000
21K 116 0.039 70 0.028 29 0.014 27 0.014

¥ ARIRE (REIEB) OKFHICIEERE (FRAEELEFNEZET,
RERBED—RIREZZERICHT HEE,
*¥IFEITRETEME - BERVOEHESN A FRRS
*FITREFERBRE (RE2E B) TEMA-BEFRVDEHIESNI=TIERS

HETRE -AEREGRE2RIB) (TTHI0E3AIARK A, AERE(REIRR) -HBRE CER
AFEEEFN) IS MTFEIANBRFADT—RIZLD,
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15[l AR AR = (B 2426 A15H)  HHE3-3

ETREZZORENICH-REBHER, MEZERR., BELGVOLEBMERENER

K1 BXEFEHHICH-RRBHIER. MRZERER. Bit-BHERKVERR(ETRERZHE)

ZHE" B¥I%E ke BE-BERED
EXEER A% RS RBAK FET RBAH AL BEAK FE”
4R 71,184 23.7 135 0.19 2 0.00 0 0000
5-97% 89,362 29.7 860 0.96 99 0.11 27 0030
10-145% 90,522 30.1 1,919 2.12 351 0.39 91 0.101
156 LLE 49,404 164 1459 2.95 352 0.71 97 0.196
21 300,472 100 47373 1.46 804 0.27 215 0.072

*FATREEZZLEAICRS (AERE(RE2EE) . AR RE (REIRA) . #H1 B REFEM4E
EEFN)OZZHEEILHEDELY),

*x2. 2 EH T EHES

xa'a%%#ﬁﬁ AERE (ﬁﬁzlﬁl B) X FR30FEIAIBIFR. AERE (BREIEE) - BT ERE(F
BAEEETN) FSHMTEIANBBADT—2(2L5,

K2 BXREFHMAICH-REBHER, MEZERE. Bit-BHRVERR(ETRERZZE)

ZHE" B¥IE ke B BERED
EXEER A% RS RBAK FET” RBAH AL BEAK AL
AFUUT™ 19,533 66.9 11 0.06 0 0.00 0  0.000
5-97% 1,801 6.2 19 1.05 2 0.11 1 0.056
10-147% 4,754 16.3 86 1.81 5 0.11 1 0.021
156 LLE 3,095 10.6 95 3.07 16 0.52 2 0.065
21K 29,183 100 211 0.72 23 0.08 4 0014

*ETREZZZ2ET . A OABRERE2RR) . AEZE (BEIER) . IBRECER4IEE
EF)ONWITNHIhEZEZLI-AICRS,

*x2. 2 EH T EES
*3 ER24F481BZETIC Eihf:?:‘é‘ﬁftro

KETHRE -ABRERRE2RB) [TTHI0EIABREA. AMEREREIRR) -HERE(FE
BAEEAFEN) IISHTEIANABEADT—RIZLS,
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F15[E] FUR IR AN S (BFf 246 H16H) &Fk3-4

UNSCEARHE 2 BRIRIRARR B LR E <5 B EMALLEREVRRELD
BSE (W )

R1 BRE6~14EDAREIZH T HUNSCEARMETE FIRIR RN 8 (RAE) " ERBIREICH
TREMAVLLESRVERRLOEEGEFHFE™)

EX e~ 1458, MERKIE 20mGyKi#  20-25mGy  25-30mGy _ 30mGyLAE

14 (%) 49.1 495 49.0 49.7
B XKEFEE (CEHEE) 9.6 9.9 10.0 9.7
BERR (%)

SERE 27.2 25.6 21.9 25.1

SELIEISERE 7.8 1.6 1.1 1.6

3S5FE L AT R 39.1 20.8 11.2 3.4

AL FASERE 22.6 46.1 60.2 28.0

45F L E 34 5.9 5.7 418
EM-EMREVVERHK 15 22 11 23

FEREA0BFAEHI=Y) 9.4 16.5 9.0 17.5

*1:UNSCEAR 2013 Report, Annex A, ATTACHMENT C-16, Table C—16.2MD H# F IR IR IAIRINIE =

(Total)d KUFATTACHMENT C-18, Table C-18.5M #f & B IK AR FA IR U #F = (Total dose)Z{#F A, Fl—

DTHETA CEBDHEERENRTINTOWIIEEERKEXFER., EHEAFAAOHILEEELXE A

[2YTIEH-LT, ?J*x’li(‘figéﬁﬂ_ M8,

*R2AKRRE(ERE2EB) .. AMERE(BREIER) . I BERE(FHRIEEELETEN) DLT D,
*REXKFEABFEDS>L., HITREZXZL. ETRETER-BURVLITHIESNGI-T-A

#EMFAELIz, CD556. #E2E B30 H. HIBERE (FRAEEEFN) ODVLWIT AN EZELIZA

RN R ELT=,

*FETRE—XREAHINL, BERICREZLERE (AERE (BEIEB) FIEARERE (RE2E

B)F-IEERE (FRAFEEEN)) D—REEZZHETOREMR,

XETRE -ARRERE2RB) [FFHI0FI[A3 BR R, AMERE(RE@BE) -HHBERE(F
HAFELEFN) [EFHTFIABRRDT —2ITL5.

F2 BREFI5HEL LR RECH T HUNSCEARKE E FIRIRIRINIRE (BAME) " EABRE"ICH
(T2EMLOLBHEVRRELORE GEHREE")

EXEBIoHRLE SESXKE 10mGyki# 10-15mGy  15-20mGy  20mGyLl Lt

24 (%) 60.5 55.9 57.0 54.7
EXFFER (FEE) 16.3 16.3 16.3 16.3
BRERRE (%)

KE= S 58.9 56.9 62.2 423

3FELL E35FE K 8.8 8.7 45 10.8

35FE L FAFE XK 16.9 14.7 10.8 9.3

44 L FASERT 7.2 8.5 13.4 8.2

455 Lk 8.2 11.2 9.1 29.4
EH-EMRVVERHK 3 15 5 2

FEEEN0AAEHT-Y) 39.4 68.6 19.6 36.9

* 1. RI1DELEFESH,

*2:ABIRE (RE2EB) . ABRE (REIEE) . HIiERE (FBAEEEFN) OLVT R,
*JIEXBEABEEDNIE. &1 @E%EXH,L, FTRETES-EMROEITHEShEGNO=F

#EHAEL, 2056, HE2E B -3E . HIERE(FBAFEELEFN) OWLVThhEZEZ LA

TR ELT,

*ETRE—RBREEHLL, BEEIZZZLE-RE (RAERE(REIEAB) F-EAKRE (BE2E

B)FE-IXHERE (FR4EELEFEN)) D—RREZZHETOMMR,

METRE -AERE(BRE2EH) (X THI0EIASIBRF A, AERE(REIEAR) -HERECE

BAEEAFN) (FEMTEIABBADT—RIZLS,

1—32



15

( 15 ) 4

ML . BEE-RTFHREBFTERRICERP R I NERIEERAHERE D b D FR
Jo S5 Al B D A S

FFK3E:  Scientific Reports 75 (2020) 10 : 3639 | https:/doi.org/10.1038/s41598-020-
60453-0[1] Z AR L 7=,

FH: RER BEBRIER) . A)lffck @@EFSZER) . AR (JAEA), KIKIEF]
GLATR), RWINASE (@RRSZER) ., ke (ERKk7 Y =v7)

BE: ®WEE AT FREEN (FDNPS) FHObH &, (EROHWIZITITL RN
HORIRAS A2 D DO TIEZR W E ORRENE T2, L L, FIRESMiRE (TED) o AQ
EREARS L ORI 22 0 X+ il S TR B3, Bl S ik 3 v o)
HeA4 ZE L AN ORE A FHIT 5 72 D O E R 72 FUIRBRIE X 1,200 ARREOFHHZ L
MEM ST\ o Tz, A7 BIE, BEEEHIX 7 HETA O LZ DI TEIRREZE O F7)~5 100
2L 300 4 OITENFRAZE 2 MAELMH L, 20O Y 7 2 % —fffi 21T, 7V
— LEBEOFEL 12D, HDHVIIKL 72 D T U A 2 FHREE L, WAICX D TED & HE
T A0, REIEHIESE Y S 2 b—3 3 T X D W 22 W B e P AR 43 A 77— &
~—2 (WSPEEDI_2019DB) #ffi~ T, &R [REMFEMRAE] 7655 896 O1TEIM
BEARHT LTz, BB OW AKX PR, 3L OCAARAO I UHF (FRIR) B A
FROIKE % KT 5 7o O EBREREOM EELZE AT 2 & Hedh Sz TED 1ZFk
MREEANEIC S R &l Lz, 1R TED Ol L 95%fEI%Z. £ Zh 0.6~16
mSv & 7.5~30 mSv IZ/HA[ L7z, ZALHORERIT, @O RS A OEFRICAEHT
H D,

Fk :

ITEVREZE O : [EHREEREL R P mEEZEAS (2016 428 H 13-B-185,2019 4% 3 A 13-
B-339) . AR IERmEEES (2018 4 8 H No. 29100, 2019 4 7 A No. 29100-003)
MOHEREZT, REBEHAET — 2 X—ZA0LEHER 300 4, KAERT, HYZERT, EM
My, AEERT JRVCAT, SREEAT 5 Z I 100 4 D 19 LA F OXRE IOV TEL{LE N
TATHRRAEZE A AT L, BT Uiz, REOERTRUVMEAEZRE A5 896 44 A fRHT k4 &
L7, FERERROATENHAZE 26 2011 423 A 11 H 0 e 3 A 26 H 0 e T 6 FEfiH] A
T T OERMAEGIIE . AR A 30 L7z,

A & B TED O#E : WSPEEDI _2019DB 5 — & _X— X [2]72 64 | 1 m & @ 3 FEkED

LD BT RE (A F k3 U3, RAK, b)) 2ZHL, 152 7 F~—27 D 6 i
AT T OWLRE(C)ZFHE LT, MR Lo CHiET 5 1km 7Y v FC IR
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EOEARRKEOCEHEMEET, WhE, RICITNHLZ DTy Ry —7 ZRAE, Fhbl 1
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