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Air dose rate after March 11, 2011
in the Fukushima Daiichi Plant
guutlomtimResacne®  Massive Release (March 14thnight-16th)
BES—EIOTRMSBEE (PR -FEAEB o510 22 USRS
-I-oh | —— {FEP MP2
o . 11:01 38 KEEE = =R P
\i6:361-2v5 EIF R EICECCSTHE Lt o ER
14000 15:36 15 AoRm 3 HE MR
. K\ |
;% {00 0544 10k | —a—TF MP4
F:i mngﬂ l {1 3 e
g - ql " —=—{%EBx MPUILI
g ll ﬁ " A o —— T MP3
b /ﬁ ? a3 B T s
19 I B 11:06 20~30km FEMFG
bl TE B } {75 EPY
g BNy B Ty g e g p NG B g e g oy g ey e g [eesmmamir
.3888888888888888.38 38538388363 3kE382888883 A&
R ey e I i
R R e e S T T CCgga R8s | e
HREEEEEac R RRARALELAEEE Ao /nERaREEERREE |— wmemm
20 B E okmP (D BERE BF!
223 rraman. s~onmssANOther Ma ase (March 215t -22nd)

Plume after March 11, 2011
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Different distributions of 131 and 137Cs
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Cumulative deposition dose (kBg/m?) of 131] and 137Cs from March 11 to March 29, 2011, which

estimated by Ohara T and Morino Y (National Institute for Environmental Studies): ({8 &5 —
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Thyroid Cancer Screening < age 18

* Primary examination: All residents < age 18 in 2011 (born
between April 2, 1992 and April 1, 2011)
— Screened by thyroid ultrasound.

— Secondary examination when nodules with diameter 2 5.1
mm or cysts with diameter 2 20.1mm are detected.

* Secondary examination: for positive primary examination
— More detailed ultrasound, then cytology by fine needle
aspiration.
* When cancer cells are detected by cytology
— Followed with observation, then operated.

— Cancer confirmed by histological examination of the excised
tissues.




Thyroid cancer screening schedule

* The First Round (The Japanese fiscal year is from April 15t to
March 315t of the following year).

— Year 1 (FY 2011, ending on March 31, 2012)
e The nearest areas to the Fukushima Daiichi NPP
— Year 2 (FY 2012, ending on March 31, 2013)
¢ The moderately near areas including Fukushima City.
— Year 3 (FY 2013, beginning on April 1, 2013)
¢ Remaining areas (“Least Contaminated Area” by WHO 2012).
* The Second Round (from April 1,2014 to March 31, 2016)
— Year 4 (FY 2014, ending on March 31, 2015)
* The nearest areas and the moderately near areas

— Year 5 (FY 2015, ending on March 31, 2016)
¢ Remaining areas (corresponding to Year 3 in the first round)

The order of screening according to
the level of air dose rate
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Population density of Fukushima is
about three times higher than that of Gomel, Belarus.




Methods: Comparison Group

* Fukushima prefectural government releases the
screening results about every three months.
— The present data were released on February 15, 2016
with the results as of December 31, 2015.
e Fukushima Prefecture was divided into 9 districts
according to the screening schedule:

(D Nearest area, @ North middle district, @ Central
middle district, @ Koriyama City, ® South middle
district, ® Iwaki City, @ Southeastern least
contaminated district, (8) Western least contaminated
district, @ Northeastern least contaminated district

Divided into 9 districts

20km

Fiscal Year 2011
Fiscal Year 2012

@ Northeasternieast  iscal Year 2012
contaminated di |ct
Fiscal Year 2013

t area

® North middle district

Jo

®@)cCentral middle district
(D Neare

Western least @ Koriyama City FDNPP
contaminated
district
®)South middle
City

Reference district
(@ Southeastern least contaminated district)




Methods: External Comparison

* Age- and sex-specific incidence estimates of thyroid cancer
from the Center for Cancer Control and Information
Services, National Cancer Center, Japan (1975-2008).

— The Japanese mean annual incidence among those aged 0-19
years from 1975 to 2008 (i.e. 3 per 1,000,000) was used in the

15t round data. For the 2" round data, we used 5 per 1,000,000
taking aging of the subjects into consideration.

* Prevalence = Incidence X Average Duration

— In this case, “duration” is the duration from the date when
thyroid cancer became detectable by screening and cytology to
the date when it could have been diagnosed in usual clinical
settings without screening.

* Poisson distribution was employed to estimate 95%
confidence intervals.

Methods: Internal Comparison

* The southeastern least contaminated district
was employed as “reference district.”

* We estimated Prevalence Odds Ratio and its
95% Confidence Interval on the remaining 8
districts based on prevalence of the
southeastern least contaminated district.

* We employed MLE Odds Ratio (Mid-P) of
“StatCalc” in Epilnfo 7 (released by CDC).




Population
Areas age < 18
Fiscal Year
2011 47,768
Fiscal Year
2012 161,129

FY 2013
(Least Cont.) 158,788

Total 367,685

*Including one benign case

Table 1
(1%t round data: finalized as of June 30, 2015)

41,810
(87.5%)

139,338
(86.5%)

119,328
(75.1%)

300,476
(81.7%)

Participants Positives in
in primary
examination examination

primary

221
(0.53%)
988
(0.71%)
1,085
(0.91%)
2,294
(0.76%)

Participants Thyroid

in Cancer Cases
secondary by FNAC(No.

examination operated)
199
(90.0%)
920
(93.1%)
989
(91.2%)
2,108
(91.9%)

15%(15%)
56 (52)

42 (32)

**Additional thyroid cancer cases released later

Table 2 (4 districts in Middle Area)

Examinees Positivesin E i in Tyroid
Districts Population inlprimarys [primary S:ca::g:s """ Cancer Cases
age <18 examination examination examination ::;:g?:d()No.
North 50,618 312 298
! ?
hadie 7211 eg's)  (0.62%) (955%) 207
Central 18,194 115 111
. ?
middle 2L052 (g5  (0.63%) (96.5%) U
Koriyama 54,063 458 415
! ?
City 64380 (ga0%)  (0.85%) (90.6%) 2>0)
South 16,463 103 96
’ ?
middle 18486 (g51%) (0.63%) (93.2%) °O)
139,338 988 920
LEL 161,129 ge'sn)  (071%)  (93.1%) 0 2




Table 3:
4 Districts in the Least Contaminated Area

.. e . Participants  Thyroid
q Participants Positives in .
Population in Cancer Cases

Districts in primary  primary

age<18 amination examination :i;(:r?lizzon :Z:r':‘::;)”“
Northeastern 8,246 (7§’i;9) (0.85°5/:; (90.7;)9) 0 (0)
e 62,233 (gfgfxﬁ (0.9305/013) (92.302/,2) 242)
meteenc) B2 o sy o 1O
N e B8 e sew MO
Total 158,788 119,328 —— 2l 42 (32)

(75.1%)  (0.91%)  (91.2%)

Table 4: External Comparison (15t Round)

3/1,000,000* Prevalence

Areas and Districts IRR*¥* (95% C.l.) ** per 106  Reciprocal
(DNearest area (FY 2011) 29.90 (16.73-49.31) 359 2,787.3
@North middle district 19.76 (10.21-34.51) 237 42182
(@)Central middle district (25.15-90.15) 605
@Koriyama City B54  (24.94-56.89) 462  2,162.5
®South middle district 40.49 (17.48-79.79) 486 2,057.9
®Iwaki City 40.46 (25.92-60.20) 486 2,059.5
@SE least contaminated district @ (7.86-40.31) 235 4,260.0
(®Western least contaminated district 27.18 (13.57-48.64) 326 3,024.5
(ONE least contaminated district 0 (0.00-48.34) 0

*Comparison with Japanese mean  **Incident Rate Ratio (95% Confidence Interval)




Table 4-2: Internal Comparison and POR
(1%t round)

(DNearest area (Fiscal Year 2011) 15** 41,810 1.53 (0.63-4.01)

@North middle district 12 50,618 1.01 (0.40-2.73)
QcCentral middle district 11 18,190.99-7.06)
@XKoriyama City 25 54,063 1907 (0.884.91)
®south middle district 8 16,463 2.07 (0.73-6.00)
®lwaki City 24 49,429 2.07 (0.925.17)
(@SE least contaminated (Reference) 7 29,820 1

®Western least contaminated district 11 33,720 1.39 (0.54-3.81)
(ONE least contaminated district 0 6,359 0 (0-2.50)

* Prevalence Odds Ratio (95% Confidence Interval) **Including one benign case

Back-Door Path between Areas/Districts
and Prevalence of Cancer

Reverse

Order of
Screening

Time Spent Since
the Accident

Back-Door Path

Location of
Areas/Districts

Fukushima Daiichi
NPP Accident

Causal Path

Air Dose Rate of
Areas/Districts

Prevalence of
Thyroid Cancer




Table 5 Latency Adjusted External (IRR)
and Internal Comparison (POR)
| |tatencyl3years |latency2-4years |

IRR (95% CI)  POR(95% CI) IR (95% Cl)

2012 FY Combined (Middle area) 67 (51- 87) 2.6(1.2-6.0) 45(34-58)
@North middle district 40(20- 69) 1.5(0.65-3.9) 26 (14 - 46)
®Central middle district 101 (50 - 180) 3.9 (1.6—10) 67 (34 -120)
@Koriyama City district 77 (50-112) 3.0(1.4-7.2) 51(33-76)
®south middle district 81 (35-160) 3.1(1.2-8.4) 54 (23 -106)

2013 FY Combined (Least contaminated) 37 (26-50)  28(20-38)
®lwaki City district 50 (31- 76) 2.1(0.92-5.2) 38(24-57)
(@Southeastern least contaminated 26 (11 - 54) 1 (reference) 20(8-41)
®Western least contaminated district 34 (16 - 62) 1.4 (0.54—-3.8) 25 (12 - 47)
(@Northeastern least contaminated 0(0-66) 0(0-2.5) 0(0-50)

Table 6: Internal Comparison and POR

(DNearest area (Fiscal Year 2011) 15** 41,810 1.53 (0.63-4.01)

@North middle district 12 50,618 1.01 (0.40-2.73)
QcCentral middle district 11 18,194 2.58 (0.99-7.06)
@XKoriyama City 25 54,063 1.97 (0.88-4.91)
BSouth middle district 16,463 2.07 (0.73-6.00)
@SE least contaminated (Reference) 29,820

®Western least contaminated district 11 33,720 1.39 (0.54-3.81)
(ONE least contaminated district 0 6,359 0 (0-2.50)

* Prevalence Odds Ratio (95% Confidence Interval) **Including one benign case




The order of screening in the 2@
round

Nearest Areas

20km
Moderate Areas
ar inl{he second round

The Rest (Least
Contaminated Areas)

round

Power
Plant

7nd in the secon

in the second round

The Pacific Ocean

2"d year in the second round

Table 7: Current results of the
2" round screening (as of December 31, 2015)

Population Participants Thyroid

Areas age*<18 :‘artr'ﬁ'r:’:nts P:‘:'::::es Ml No. of Cancer Cases
(including ER N I Y secondary FNAC by FNAC(No.
exam. exam.
fetuses) exam. operated)

81,059 559
2015 ?
164,387 (49.3%)  (0.7%) (32. 6%) 6 ()

236,595 1,819 1,172 -
Total 381261 ‘o (oo caav) 157 G1 (16)

* Age at the time of the March 2011 accident




Table 8: Results of Fiscal Year 2014 in 2" Round

(Data as of December 31, 2015)

. e . . . Thyroid
- Population !Exan.unees Po.smves in Examinees in Cancer Cases
DlstnctslArea <18 In primary primary secondary b FNAC(N
age = examination examination examination o:)erated) o
33,721 332 279
N t ! ?
earest area 49,457 (66.6%) (0.98%) (84.0%) 16 (?)
45,190 361 296
North middl ! ?
orthmiddle 59,496 c'co  (079%)  (82.0%) )
Central 16,136 116 91
. ! ?
middle 2L803 2300 (0.72%)  (78.4%) V)
Koriyama 45,965 347 254
. 15 (?
City 06,759 (6g0%)  (0.75%) (7132%) =)
South 14,524 104 70
; ! ?
middle 19353 os'ow)  (072%) (673%) L)
155,536 1,260 990 @
Total
ote 216874 71 7%)  (081%)  (78.6%) -

Table 9: Results of FY 2015 in 2" Round

Districts

Northeastern
Iwaki City
Southeastern
(Reference)

Western

Total

4 Districts in the Least Contaminated Area
(Data as of December 31, 2015)

P lati Participants  Positives in !’articipants
OP': islon in primary primary n d
age = examination examination :i‘;::in:i?ilon
5,463 41 28
8563 (638%)  (0.75%)  (68.3%)
32,992 277 41
64294 513%)  (0.84%)  (14.8%)
26,665 183 98
3772 670%)  (0.69%)  (53.6%)
15,939 58 15
PL758  30.8%)  (0.36%)  (25.9%)
46,865 559 182
164,387 ’
(28.5%)  (1.19%)  (32.6%)

Thyroid
Cancer Cases
by FNAC(No.
operated)

1(?)
2(?)
2(?)

1(?)




**Incidence Rate Ratio (95%Confidence Interval)

Table 10: External Comparison in the
2nd Round (Latency 2 years)

5/1,000,000* Prevalence
Areas and Districts IRR** (95%C.I.) ** per 105 Reciprocal
(DNearest area (Latency 2.5 year521.70-61.64) 2,107.6
@North middle district 19.92 (9.11-37.81) 199 5,021.1
(@)Central middle district 24.79 (6.75-64.46) 248  4,034.0
@Koriyama City 32.63 (18.26-53.82) 326 3,064.3
BSouth middle district 6.89 (0.17-38.36) 68.9 14,524
®\waki City 6.06 (0.73-21.90) 60.6 16,496
@SE least contaminated district 7.50 (0.91-27.09) 75.0 13,332
(®Western least contaminated district 6.27 (0.16-34.96) 62.7 15,939
(ONE least contaminated district 18.30 (0.46-101.99) 183.1 5,463

Tentative Conclusion 1

* In Chernobyl, the outbreak of thyroid cancer
actually began one year after the accident,
rather than the fourth or fifth post-accident
year when the marked increase was observed.

* As of 57 months after the accident, the first
round screening conducted from October
2011 to March 2014 revealed a 20- to 50-fold
excess incidence in thyroid cancer in ages 18
years or younger.

— A higher rate of thyroid cancer with a dose-response
tendency was seen with proximity to FDNPP, especially in
the south area.




Tentative Conclusion 2

Post-operative findings indicate that 92% of the operated cases had
lymph node metastasis, distant metastasis and/or extrathyroidal
extension.

In the ongoing 2" round screening, 20- to 38-fold excesses are
already seen even though many results are still pending. Screening
effect discussed in the 15t round has no relevance in the 2" round.
About 80% of thyroid cancer cases detected in the 2" round had
no lesions with pre-malignant potential detected in the 1% round: it
appears that these cancers grew over 5.0 mm in diameter in only 2
years.

We must prepare to take measures to deal with not only thyroid
cancer but also other cancers and non-cancer diseases.

Further investigation is needed especially in children in neighboring
prefectures as well as in residents older than 18.

What is next ?

Fukushima thyroid cancer screening data is updated by Fukushima
Prefecture every three months.
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