A& &

ZOXERZUTFToFmLD, fA, Bl B, X2 HAERTH 2, FinX o HAGER%E
ERT 22 &3, XA EEEZHLPICL, EOFBGED EDEHD L D=V IC{gi X
N7 HART 5 L0 &2 SN27hTh 5, BIRRIZSHILICFEZ VR
TIVRVWDDIZTEZFETH DT, T2 Tk BIRFEE 2 i HAGER version 1 &
LCABd %, (2018467 H9 H)

HAZERvI DX A4 7R, #8(E, ezdhsl, HEOHK—. X UONOHHZ &KX D
TICELXSICELEZDDZ v2 2 LTI 2201847 H 12 H)

A S H
Individual external dose monitoring of all citizens of Date City by passive dosimeter 5 to 51
months after the Fukushima NPP accident (series): II. Prediction of lifetime additional

effective dose and evaluating the effect of decontamination on individual dose

HH
Makoto Miyazaki and Ryugo Hayano

BTG CGRE
J. Radiol.Prot. 37(2017)623-634
http://doi.org/10.1088/1361-6498/2aa6094



Ny THRBBINC X ARBRREERE 5 220 51 2 AR 3ETHREED
BANERERBEE=2Y v 2. £EICD: 2 8NMEHBREO FHlE X OEARRIC
Wi BB DR ORREF

EIRE R WAL R RER A IO R R
REREL BRI AR R AR

5t

Oy Y = RDFE LB NT, oz b i, BEF - JRREKL, HAGRE & H8R
Bolt c BREBREETICECCREoBBRICE > TR LAV L ZR Lz, TOFE
AL, R I T ANy Y e =22 ) VDT — &2 B, MR o2 BE TR
Yo TE oI ERERENEZIMET 2 itk b, PhETOEFEEDLEEICHZ S
PR E IS 2 2 L 2 HINE LT 5, FA7z b iRk, ghET o R EE o4 I
D7z B BIMANB R E O FIEIZ 18 mSy ZAZ LIV EVIBDTHE, &5
I BRETIIEA AR BRI R 3 B 2 & IZPATEIC W X v & I RER DT 5, [ ARE
AR AR AGDE CTHG 2 b 07k, ETRES Sl fE A4 1 2 A4 o4
ERERELY O AREEEEZ > CFHlT 2228 TELLDTH D,

1. fvrue&rvav

ZOv) =R —wm BT[], FAbRIEERFAETONRIC X > TRES ¥R
B 5 H2 5 51 A% E COMRNICH W O 172 /77 2Ny DE KR ERT O HIE i % fif
ML 724658, ko X 5 fiE 272,

(D) EAMEFHC X > THEONAMARRE L . FRICfTb = Ic X 22 =2 ) v
FTHERIICX > TRONTZH T ANy VIEEFEOERORIMRE (1] cERI NS
Uy FiEDZ &) IHflL., Zzokfifaiut 0.15 Th 3,

(2) Bo N85 0.15 12 2011 4E 11 H (B4 ROMZEMIC X 29 —~<4) 55 2014 4F 11
H IR —<4) ofIcHfZIZAL N> T2,

(3) BRIERIC X > TED O NIEHFETH 2 0.6 [SHIFEEOHIEIC X » Tk b=tk
015 X R4 fERE W,

fiam (2) 13 EARRE R L HAREREFFEC LS ISP LT e 2R LTWw5S, Zhr
LABLITWA ST &I, HRINHIIC AT 2 EROEFERESHIZERK IC X 2 /&
TRONZAREP DHEETE L L WS 2L TH D,

FEF O N F7 28y PHGEICED { ZFH DM TH 5 A TlEAA B IIATzEKIc X 5



EZRY VT T RO E IR B ORI 2 RSB A 2 TRD B, frneT
AR R DI TH B

F( = [f(dr

ZIREFE - RREERE 5 225 51 A OMICHIE X - REEMNRE & i+ 5, £ LT,
FO)RRWEZ LT, &EICDE 32BN EOF It Z kD 3,

TNICHZ T, FA7= b i3, ZOWERH DO > T 3 AR O, HE O Brgeshis ic (3 26
J. BT ANy DERMEWETTE R EROEAME ICERER KT TR EZT R, 2D LT,
RHICH 72 2 R E OMRIRICBRELER TH 2 0 IO Tigam$ 56 2 L 1ICT 5,

COHMLIZINGD DD ICHTEZHDTH Y, FHRMICEDEROENICH-3
BREINTWIRRE L S WEBEE T 2 Hikrrd2 2 2#HET b0 TH 3,

2. ek ET5E

2.1 JUREDIEZ L IZ O TDEF Al

HABU I3 E AR IR S5 — R R WD O O RE DR E % 2T -1k % 300 m D&%
Mesfizebic ko ce =2 —LCETHh 2], MECHEMEME 1 m OFLKRE 7%,
ICEf L CTE 7z, 250m ZLICH 2270 v Pk 3 P8~y 7 8fir—42 & LT
RERINTE 4], %25 0FEIL 2011 4£4 AICtho S, SO D Dl 2015 4E 11 A
IATONZH 10 ROFETH 5, HiFHC[1]TirAAZH 13, 2011 4E9 A5 5 2014Q3 £ T
DT ANy VHE ERHARER 25 4 Ko 9 RETOMERIC L 22241 v 7 fiE
DT — 2 &7z, ZEHEIC X 2 E =2 ) v 2T X o TE S 72 LR E 5> & 3B hI B R
HEZ KD 2 &2 Cid, BEAICK > TRHAI N BRI RRERICHICT 5 0.04
USVh! ZZELBIWT W3 Z EICFEEEZ L TZ L,

PhETHIC BT 2 UM EORBZ{LZM B =01, A= bI3E TR v FAICOWT, A
I TIU Y R EELIIVEZESRD2 D 10 RE TOMERIC L 2FHEFICI s TR b
[ ERE, 5 4 ROFRAMERCEH > ixRICELOTHZ, ZOMEEN 1 IR
o KR INT WS X HIC, nRE 4 RDBED H 72T XL W HBIBHR S FEST 5, %
CTRAZBIEKTICREINT WS XY ICESR2L 10 RETORET — KX % EMTT 4 v
L7z, HEMROMHEE 2H 4 R 2ORIBMERO N AMEEZRLTED,
IO EM2IC, BliEFIN»L0ERE LT, ATRLTH 2



S

£ 20}
&
=3
Y
2 — sth
g 15f ]
8 — th
g — T7th
£ 10! — Bth
2 — gth
o
g — 1oth
&
& 0.5f

080 : 10

15 20 25 30 as
4th monitoring grid dose rate pSvh

Figure 1. The ambient-dose rates of 5th (blue) to 10th (brown) airbome monitoring
surveys (ordinate) are plotted for each grid point in Date City, verses those of the fourth
monitoring survey (abscissa). The six straight lines fitted through each of the 5th to
10th survey points are drawn in the corresponding colours.
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Figure 2. The ratios of the nth (# = 5 to 10) grid dose to the 4th grid dose are plotted as
a function of elapsed time since the accident. In order to help alleviate overlaps of
points, the data were horizontally jittered, and the average ratios are shown in filled
circles. The curve is a fit to equation (1) through all the data points, the best fit
parameters being aeg = 0.68 £ 0.01 and T = 0.32 £ 0.01 y.
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Figure 3. The geographical distribution of 132 houses in zone A of Date City, for which
the decontamination work took place in Q3 of 2013 (October to December, 2013).
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Figure 4. The start and end of the decontamination work of the 132 houses are
indicated by horizontal bars.
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Figure 5. Box-and-whisker plots of the cumulative individual doses of Date City
residents (figure 5-1) is for zone A, 5-2 is for zone B and 5-3 is for zone C, who
continuously held glass badges during the study period. The boxes cover 25-percentile
to 75-percentile of the distribution, and the whiskers cover the 1-percentile to 99-
percentile of the distribution. The dots represent outliers. The dark solid curve is the
estimated median H,(7) (equation (2)), while upper and lower light curves correspond
to the 1- and 99-percentile estimates, respectively. The dotted line along the right
vertical axis of the graph represents the estimated median lifetime doses (up to
70 years) from external exposure pathways, 18 mSv for zone A, 15 mSv for zone B,
and 11 mSv for zone C.
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Date City Zone A, decontamination in 12Q3, n-425
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Figure 6. A box-and-whisker plot of the distribution of individual doses of 425 people
who lived in zone A, whose houses were decontaminated during Q3 of 2012 (indicated
by an red arrow); the measured value of the glass badge for 3 months is converted to
the dose rate per hour. The supenmposed curve, H,(t) was calculated for zone A using

the median grid dose H10 (0.65) and the coefficient ¢®, and hence contains no
adjustable parameters. As shown, the median values of individual doses are in good
agreement with the reduction curve, except for that of 2012 Q2 (17 months); the reason
for this deviation was not clear from the data used for the present analysis.
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Date City Zone A, decontamination in 12Q3, n=425
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Figure 7. The glass-badge data and the reduction curve shown in figure 6 are converted
to cumulative dose distributions and H (¢), respectively. The Ha (¢) curve is the same
as was used in figure 5(1). In this cumulative distribution, the deviation observed for
2012 Q2 in figure 5 is no longer dominant.
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