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Investigation of internal and external doses for the residents in Namie Town,

Fukushima Prefecture
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Hirosaki University, Institute of Radiation Emergency Medicine®, Hirosaki University Graduate School of
Health Sciences?, National Institutes for Quantum and Radiological Sciences and Technology?, University

of the Ryukyus*
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artificial radiation

Abstract

Namie Town, Fukushima Prefecture allowed the evacuees to return to their houses from March 2017.
We will estimate internal and external doses for the residents of Namie Town from both radiocesium
and natural radionuclides. Airborne radiocesium concentrations at five points are analyzed by HPGe
detector to estimate internal doses. To estimate an internal dose by radiocesium in domestic water,
we are collecting river water and sediment at five points (four points from 2018). Furthermore,
indoor and outdoor radon concentrations are measured using a radon-thoron discriminative monitor
(RADUET) to estimate internal doses by its inhalation. On the other hand, individual external doses
for the residents are estimated using an integral pocket dosimeter (D-shuttle). A car-borne survey
along the main road was carried out using a 3-in x 3-in Nal(TI) scintillation spectrometer to know the
dose rate distribution in Namie Town. Ambient dose rates are measured using a 3-in x 3-in Nal(TI)
scintillation spectrometer at the fixed measurement points in each 1 km to make a dose rate
distribution map. The gamma-ray pulse height distributions are analyzed using a response matrix

method to evaluate the dose rates for natural and artificial components.
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9 1 OOWIEL NF — i, BT THIEL T 28 5EkIE Th b, HRENESE —
JFRE (LR fEEIRR)SCT =V 7 A D FFOFH TIE, BREPICRKEDBHEWE SR L7
ZETEMEIES 0V AR R L, AERSEEE R ER SN, BB TIETO%, R
DS IRAITERGIFE LO2H 0 | FAk 26 FICEDBiME L -HARSHOFHEVELHT
X TA% L BEHRIIE<ICE > TS DEIFO Y A7 REE 52 EhafErE s L Tid/h&nt
E2bNb] Qk Lz, Lo, EROBIHREIE < ~ORLZIT -3l S 2135 27
2 < OERPMERIMOENOEFTY A7 BNEEL 2R TWD, Thux, LR Lo
DRAHETH DL MEOHEEEN, v 2 b— g UROZMMRERAE R EORERNHRD
DNTERHENRLEDOTHY , BMEADOEBEOHII MELZHE L DO TIE 2V ETH D, B
ZAT, BEN O RN & RIS, BB RIRBEDFIEIZ DRINDNA T A T 4 T —H—R
HIMEIR 2 RET D 2 ENEETH 5 (3),



b2 iERaT L, SIS, B OmF kG TE 2 AWM EHEE N E
BOLETHY, TNOEZHEOMNBEICEMTE S, T770bb IHHEICERETE, ZMCHBiE
MR BENRD DL, IHIT, TINOIPROBUERFRIEBOIEY 27 ZRETE UL, 72
BRWEEZ D,

Z 2 CARMZETIX, MIEHERLAE - 2 h=a> KU TR - DNAE - Ta A THEEZEIE L L
TeHHAA A R A MY OFEBATREMEZ B ERICI VML, LD FEAEAGDEDL Y
AT LAOMSIEEEZHEL T D,

BEAFDSA A R 2 R Y Th DY RBFEIESCH O T AVE D T ¥ 9 V% T 5 IR,
BRI FAEMIC L > TTEEMZFE L TV 5, 2RISR L, AR CTRET 2 ik
PUBILRE L X b=y KU THRE CITEREIE <12 X B ARG % DNA 15 Tlike oEE b A
AT 47 AEFIIT 5 Z LI L o TDNABERE L W O Y ERBUGZBIIT 5 Z LR TE 5, K
BOSCITMENZEN B D72, BT THERE O EE B E LI2GE. 2 OfREIIEAE
LORERLEDEZZ NS, L, BEHRC K 2 A0 RREIL 1.5Cy F2E, SBUtiRE
T 8GYy BELEPNTEY, RUBETHLEEBOHFTIIATNENTH D, DI, HAEER
RUTWEL B OMEN B O I AR CIRET AHEC T NERTHL EE2 LD,

Wik 29 43 A 31 HICESIAFFEBRSSE N SR AR JEBH S BURBRE PR A8 T L
SHRY A7 - BT IE R R BN E 2o TE LT TSR Y 2 7 - PR ZE SR Ue
HEESWEE] T, THERICEVFEIND LB X LNHHEEBIZONT, [ERIZEDORE
DIIENZIEN DA FA T 4 =2 —fIEREZFET 52 ENEHEETH D] EH D).
AU TIRET DIREIL, BAOBBIRETH LN A, BN, BIRE(LZ2 & & ORE R
ENTWNDLZEND, "M AL T 4 r—4—L L TCHLAEREMTOHLEEZLND,

WIFEE(H30 L)X, OB IR E 71T ERRIC L0 | llx D/ T X —2 O EHEEREIC
B L T2 AT 72 o 72 @fl 2 O /3T A — & Zfi{E ) OGRIHIE - 5Hl 3~ 5 72 O ORGET 21772 -
72 OEBOEEAZ MDA DED VAT AHFHICOWTEREIT o T,

B AR (H3URL )L, OF e EHERIE L LT, mEEERvIRE, mighmikae, v
VoSERNRR2 BB, U /8 ERT v A 7 R, MERREM OB &E R AT OfEe Mgy 7 v g
MW T DNA #1524 Rl O EICERT D HR~ A 7 vifilgF v 72 L. 2z v Tt
FEE TN ATRE CTH H Z & 28 L THRIFFIIFE L 72 @RFTAatEgiZ < Sy et %
DOHEELRE DAL % i-STrap LR (A1) FTER LRI E VL) & BV THRENT L 7= (ke ), @3 15
EH A DB (MUIEHIERLEEFDNA 5+ X b= B THRE)IC L A EHEE FIEORE « %
% RIS % 7o 8 DO FEBR AT o o (GG H).

. WF5E 5k

T I, WRE R DN i L 7T (SERR) T A Re i D WFIE A DBFIE(SER) T1EIC
WL, SHEFAOREEEZ TR ZIZE 2,



1. <7 ADFE

WD A A C5TBLIE) ~ TV A% HA SLCH L VAL, ~U A X 1 7¥—IC 4 L, 12
H%EF'aﬁO)HﬂH%#% 7 V(I 7:00-19:00), %rm 22~25 ., HHEER - HBAARGXFT, 74 Y b—
AWNICCEE Lz, 77— IR E MR U, B2 1 BTy — a5 Uiz, gt ) =
S VEERE T MR D MF &4 — F 7 L—7'| _ﬂﬁ& L7eb DR Lz, KOEERER, JE L7
LOERMEH LIz, 74 Y L—F2NTT7 HEfFEE L=k, X #RBE L7z,

2. X HRERST

O & SVERST

~ 7 X A/ NE ) SR T 1 5 W N R E (NARCOBIT-E ; B B BUEANIC AL, ER 7 LT U (E
L7 A DFOCHIZE) & I TRREE UTe, U AIREEIL. /A 5%, #EFF 3%, IRLE/T-~ U X &M
FE ARSI AN, X BRBEHEEMBR-1520R-3 ; A3/ 8T —Y ) 22— 3 )T, HER
0.69Gy/min, fE S ~7 — 7 /L imiEalEE 550mm, &L 150kV, it 20mA, 7 1 /L4 — : 0.2mmCu
BLOSMMAI OFMAT T, BRI 72200 5 ST L7z,

EHERBERFORTT 73y ba— b UTHEE LZAEREIZIE, EEERRKFERI B
A —ICRRE SN T = (YT A 13T EEE & e, BREFRITK 0.7Gy/min Th -7,

© TR

~ U ADIEPERNIC 200uL/20g O =FEIRA AT R« RAI AL XMV T 7 — )& E
FU.~ T ANRFERITIRS THE | BBERISR & 72 2 LIS 28 5mmE O Sz X v lifz L7z
X FREBGEEE (MBR-1520R-3 ; HY./ XU — Y U 20— 3 » X)ZTC, #RER 0.816Gy/min, i~
7 — 7V HEEE 550mm, & BT 150KV, it 20mA, 7 ¢ /L —:0.2mmCu 35 £ T 0.5mmAl D55
ETC R S e BRI Uiz, 7288 80 W 7 AR &R 2 IV CRIE U 7R 221349 96.5%
ThH-oT,

@ e VLIS

PEEBER KT Rl o 2 —ICREENTH o~ (7L 13N EEZ2 VTR 217 -
Too S, v U 2% 1 Fr—UIC 4 P8, 12 FEROBKE Y1 27 V(B 7:00-19:00), =ikt 22~25
B BHEER - ARG T, Vo~vBREHo ECFEE L(ME-1), ffE=T 12.5mGy/h
F721%42mGy/h & LT,



KI-1 o~ f RS E D5 H

3. BRI

FREIRE & [ARRIC I A L CIROE 1o~ U ZDOAHHIC, 7=~/ T & v FEMM ; goldenrod) &
ZEH L, 1.5mL O~ A 7 aF =—7 (BIO-BIK)| Jakﬁubto PUEEE A & LT 20000 DO~/ )
~ U T L (FOEHEEE) 20pL 2 EH L, BRI 13K P ORAFE LT,

4, i-STrap JE(EX4Fr ¢ i-STrap W.B.: [RI{= 27 v —Hh L « R ALuFFEprdid)ic L 2 ik hiizit
REMIE  (XI1-2)
@ i-STrap A7 > 7 1 (Bt
Reaction tube (% v~ R[EIAH)IZ, HiEIZE L7z Solution A (tert-butyl hydroperoxide (tBUOOH) ;
v BEAE) 245 20uL 437k L, AEFRA KA 100uL 2 CHRLT v 7 A TR LIZ0bL, o7
V(&) % 100uL MMz, EHIZHANT v 7 AT L, £ 2~ FiRIZKE L7 Solution B
(2-diphenylphosphinoyl-2-methyl-3,4-dihydro-2H-pyrrole N-oxide (DPhPMPO) ; & - I [F]##)% 20uL
TO, HF2—7 10PHBTNA, AT v 7 ATHREBLE, 2TOF2—7I2RNE,. &6
WZHRNT v 7 ATHRIE LIz, LARHDOTF 2—7 ~0 Solution B IRAKESA5 30 43, #iETHe
BL7,

@ i-STrap A7 v 7° 2 {hH)

S OFE . Reaction tube (27 1 r kL LA KX ) —) (2 : DA% 1000uL 5o, &F =
—7 10 Bk CIMEEREAEEE O T2 v A 7 n By FHNOTT —Z+3IZB L THhH
1 — % I:°/\°\y5:/]’ YIWEIZTIRIM L, LRHOF 2a—T ~O7 a kv LA X ) —VIRIETS
INEES 235 10 3, AT v 7 2ATHIRE H Lz, 10 3O E 5k, T 4 ) ’%\iﬂbf:%\iﬂ

Jf»ll\*%%(KUBOTA) Reactiontube & > h L, Fa—T7NOIREN 4 L7225 K 51250 MTMm
L7z, ZDt%, 4%,3000G T 10 syl L, im0 TmE %, LJ%(N%)%:*\M ey

TSI LTHEIEL, ST, FE(Z aaRvh/AX ) — V@) e~A 27 Xy hTHrE
L. Dehydration tube(3 > [FIMH, #2&AlE LC, BilgF R U DA 039 BAS TWVDNIANT
BES R L. KT 15 M AEI L 721% . —80 ECTIRAE L7z,



@ i-STrap A7 v 7" 3 (ESR HIE)

i U CHRARICIRR L7 &H 7L 160Ul A5 ~7 7 » b /V(RST-LCO9F ; Flashpoint)iZ 5] &
AdU, X 732 R ESR 43 GIE(JES-TE200 ; HARE F)IC L - THIE L7z, ESR &AFIZLL T DIEY
~ A 7 o E B 9.423719000GHz, ~ 1 7 vz /) : 2.00000mW, 7 4 —/L K& & —
332.000mT, AA — 7§ : 0.3000 mT, fig|HFH : 4.0 4y, WiE$ 03 %, £7-. DPhPMPO At
FIRREED < 7 F i, 2D 2 KB O~ v H o~v—7—(Mn?)BEE IS k- TRIIE S -,

@ i-STrap OHIEE{LREHIE R PIZ BT 2 7

tBUOOH & Mg D ~F 7 1 B MG L, tBuOO - (tert-butylperoxyl radicals)?34ER% S5,
tBUuOO * I & B OWE & AR A AEMA L. tBuO - (tert-butyloxyl radicals)<> tBu - (tert-butyl radicals)
AT D, 20T VAL, M OFEEEA £ 7213 DPhPMPO & BEERICEIST D,
L72id» T, Mz & o 5t bH o &2 D 2k (il hHiEg b AlRE /123K ) & . DPhPMPO
ICE o THIRSND 7 VAR 2, BV ESR V7T uBlsan s,

A
DPhPMPO  tBUOOH VA=1=F: % ]
TI)/Ph LIAK ) — ESRfIE
)
P
N Ph ERTI0HHE extracuon
¥ en, '
o 100pL 21
+100uL £ &

an Mn 3'@I Mn 4‘h Mn
DPhPMPOREYT7H Y +® /7 T+

C eI
Rk Bu00 |
{BUOOH + tBUO - DPhPMPO-0OtBU )
tBu - ¥~ DPhPMPO _p < DPhPMPO-OtBuU —» ESRUSFIL

ANESROE i
DPhPMPO-tBu
[X11-2 i-STrap OFEER TFE L JFFE  (A) DPhPMPO b2 (B)FEBR TR  (C)HlE FFE

5. I AEEEE(LIRE B L O EFIER L RE O & &
BEE L 72 ik & 3000G, 4 F£TC 15 pfiliml L, At & MEkz SR L7, iz ~A 7 me~y
~CHELY Hjbffﬁu\%:—7 (AR, RIERFE T-80 FECRAF L7z, MmALERRLIEE 6 X O
BEPRRALREOMEIZIX, 7 — 7 LA RO FOSHEREE AR » ~ 7 L IMSI-3511 & £ DF
RILD AR > b L i-Pack Oxystress Test 2/ L7=, 4 FE{R1FE L CdH % i-Pack Oxystress Test % &
BIZELTHD, miEZ 70uL WAL, IM SI-3511 12t v R L CHRIEZBISE L7z, HIE S -k
LA b L AFE(OS) & SR LR E . Hilikik /1(AP) Z M AEHIRLRE & L7z,

6. IMERFEH O E &

@ V> 7L ORI
PREL L 72 1fi & . 3000G, 4 F£C 15 4yffiED L, M & mEkZ 238 7=, 200pL OIiEk%z ~
A7~y NTHEUL L, 0FEIZHS° L7z 1800pL & A Z J — /L & NS HE(H3304-1002, Human

6



Metabolome Technologies, Inc., Tsuruoka, Japan) DIEAE & IBE 72, & 512, 2000uL © 7 v m kb
2L 800 uL @ 2 U Q /k(MilliporeSigma, Burlington, MA, USA) & /&4 L. 2300G, 4 T 5 4yHiE
L7z, 400uL @ L& % Millipore 5-kDa cutoff filter (Z7>M7F, % > /X7 ZFrE Lz, S 52, HfE
HO S, 50uL DX U Q KICHEE S, A X AR w — LRI L7,

@ CE-TOFMS {2 & 2 Hll7E

A Z R 1 — A fEHTIE Human Metabolome Technologies tED_—3 v 7 2% ¢ 23w 7 — P 2 ffi
A L. Capillary Electrophoresis Time-of-Flight Mass Spectrometry (CE-TOFMS)IZ L W |IiE L7z, v
T ) A XS 3% EH 5 ¥ — 2 % Human Metabolome Technologies fENT — % ~X— & &
&L, REwmaET /) 7—var iz,

7. 3 EIEMAG DY (MIKGTER{LAE+DNA 5+ I b= RU 7HE) I X 5HEHE FiED
FEIE - R 253 2 72 0 D FEFR (KI-3)

BRI U 72 ik (4xif) oo 9 B, 100Ul % i-STrap BRI L, 780 2 DNA HBEHE L I b=
R U 7 HEERIEDY T RTLER R LT,

(DNA & HIE R > 7 v) 20 200Ul 12 4% /37 RV A7 V7 v RO ARRREHR (Fiothisk
T3£) 200uL & AdL, AT v 7 R THSICRA LIZOLH, |RT20 0M#HE Lz, 7V &Y
Y (FGHiEE T3) 0.267TmL 2 A, RAT v 7 AT THIITRE LT-DOb, RIERT60 0 (&
. BEIARLVT Y 7 ATHERM) BE, 80 ETRIFLIZ, D%, RIAT A ALFEOTFRILA
Fr—VRIZ A, P~ MEEICEFE LT O R ~E T UL HARTDY yH2AX fRHT &
1T-o7,

(X bz U THEERERY 7 V) 40 1.5uL & PBS 1.5uL 2% L C O —HF7 & ki
Ml EMITL, BIRIC TS, 20EDAZ 7 —)L (BL7 4 L 2FEHEK) « 78 F v
(& L7 ¢ LV LFEHiEE) (7 :3) ImLIZ AT, 20 BEC6 [EE Lz, A%/ —/ - Tk R
Y EELY BRWT PBS T 2 [AIBEVY, 4% /3T RV AT VT e RO ABRGEER (FOGHSE T2%) 1mL
[T 10 0 EE Lic, 4% /37 RV AT VT & R0 ABRERENR 2 BLD BRVNC PBS T 2 [l ->
72%. PBS2ML IZ AN T 4 ETIRIFE L=, PBS A ZIEN72 WK 9, BED%%EZ PCR 7 L—F v
— L Optical Adhesive Covers (biosystems) T —/L L TnbH#EE L, 7 v 77 4 VA THREGEERE
BEAELRE LIORRBT, v~ MEREICETE L TR HEE OER~ZEAF L, EF 2 parkin
AT 24T > 72,



— ERERAY ~
(2ER) {i-Strap )

t-BuOOH o00mIbA

+
DPhPMPO @ MRAABSLHE ESRAITE st

N\

v

é 4
TR =

T ()
> GRS »3%:« VH2AX 36 8

-80%

w

REEEREMN F
parkin 2t &ﬁ%ﬁ]

N\ — ﬂ ) — ' — [ ()

a5
\, J

X-3 fHAEHEFERD A F— A

8. WEITFHIMNT

KT — X JIZONWT, B I OMEERZEGSD)ZFHE Lz, V=T tREEZMHEHAL, 7 v
— 7 OZEOHEFHIAEEEZ ST LTz, £, ©7 Y U OMBEREHEEMEH L, HEREOA
Bz M LTz, P<0.05 DAL, W7 OB SOV THEHA EMEZ R L B2 b,

ROC i35 &2 OV AUC(Area Under ROC Curve)lZ, Graphpad Prism 7(= 27 —x= 7 ; HAREWNIK
FEAREYE)E721%, IMP > 7 K (SAS Institute, Cary, NC, USA) & IV CRIE L 7=,

A LR T — AENTIZIE, M0 UIRE & #ET 5 7212 One-way ANOVA and post-hoc Dunnett’s
tests A HWTHEZELZFHFE L, P<0.05 ORFICAEZAEDHY & L7z, PCA & PLS-DA OFFREIZIT
MetaboAnalyst (https://www.metaboanalyst.ca/MetaboAnalyst/home.xhtml) & v 7z, A7 v 7T A4 X
BIX IMP Y 7 R & IOCTHMT L7=, PCA, PLS-DA, A7 v 7'U A RILOMEHT Tk, KL SD
ERHWTT —# &2 EHL LT,

KL o FEER DO RIFARHT & EEIRAATICIZIMP Y 7 M &2 LTz,

(faERL g~ DB FE)

AWFIECE T DI ERIT, K2 OFTREENRE T 2B ERGEEZ B0 Al 215 T Eli
L7z, (PEEER : KRS AE-15009, WHIEifE4 [HURMRES O P iiigbieZ s L 0%
PSS 5 8B 298] ),

AWFFEICH T 5 e hHRERE 2 AW FEBR L, &4 OPFTEMKBERE T 2 MERELZES X
SRR OERESG TTo T, (RMWIKS: KWK FEAMMEREIZ RSV HEEEZER L,

8


https://www.metaboanalyst.ca/MetaboAnalyst/home.xhtml

FTERZEBIC L DERBEZIT -, ARE S 150401, AFFEiEAY THB MR #5757 DNA i€ =
YT AT ADORR%E] )

. AFgEE R

1. 2MEEEIE < %ot £t

~ U ADEE|Z0.1~16 Gy & B L, BH % 30 73~50 H O OHEE{LAEZ i-STrap (2 X > T
AT, 2 OFREF(HI-1), 0.1 3 L TV0.2 Gy O FRSHHE CIIPIRLERIK FIERD bivie o7, 0.5
BLO1Gy OB TIX, BEEEZ~2 B BICHT THBMLEDME T L, TOEWHiikkiEs 6
HHETHERF L2, RelZEfE L, 24 HHTay be— L FFRINL~LETEE LT, 2 B
FO3Cy DRRAETIL, 6 HH ETHMMLREOIK T AR L, ZO®%EE Lisd 723, 50 H HIZk
WTHay o — L FERH) L ~ULITITE L 22D > 72, 8Gy DIRSIRETIZMES#% 7~8 H H. 16 Gy
DOIRERETIZIRS % 4~5 H HIZ~ U7 AN LS, SECRTE COMM T, 3 Gy IREHEE L [F]
o E R LTz,

IRHDOFRERIZEY . 0.5~3Cy ITBWT, HFl(LREDIK T & & BT & L 13RI m W EB %2
R L(FEREMREL. > 0.9; P <0.05), MIEPLERILREDHFTHINNA A K X h Y ~—H—& L TOAHEM
Zorie L7 (MI-2), & Z T, ROC HIfRIC L 2 22 Wrae DAl &4 Fekia L, RI-1 OF5EF 2 157, i-STrap
WL DHEETIE, 1Gy OWIEL % 2~6 H TAUC 28 0.95 FEEH 0 | /72 0 VB CREZHEE
TED I NN TZ(FEI-), £7-, 2Gy TOHETIX, i-STrap IZBEFOMD N1 4 R 2 b
U L RIEOZWRE AR A LT (F£I-2),

2 -
19 - }
18 | 7 =t 0.,1Gy
—0-0.2Gy
1 17 4 —o—0.5Gy
@ 16 - -8-1Gy
2 T ——2G
N ) ] y
B oo == 3Gy
ﬁ.;. N 8Gy
TR 16Gy
+<
é 0 10 20 30 40 50

WL EOBH

BAII-1 #213 < % o ik htig ke D21k



PRSI VNG &1

30 min Day 1 Day 2
\ * \ .
1.2 y=-0.0057x + 1.017 1.3 P — 14 P —
r=-0.322 1.2 1.3 .
11 ' 1.2
11 :
1 11
1 1
0.9 0.9 y = 0.0424x + 0.9991 y = 0.0768x + 1.0461
: r=0.791 0.9 r=0.936*
0.8 - : : : : : : . 0.8 - T T T T T T T 0.8 T T T T T T T
0 05 1 15 2 25 3 0 05 1 15 2 25 3 0 05 1 15 2 25 3
Day 4 Day 6 Day 9
16 % 2 2
. 18 18
14
16 16
12 14 1.4
_ 12 1.2
1 y =0.1394x + 1.0519 y = 0.2367x + 0.9883 y = 0.2129x + 0.9648
r = 0.969* 1 r=0.997* 1 r = 0.990*
0.8 T T T T T T T 0.8 + T T T T T T T 0.8 T T T T T T T
0 05 1 15 2 25 3 0 05 1 15 2 25 3 0 05 1 15 2 25 3
Day 16 Day 24 Day 50
‘ .
1.3 13 ‘ 1.3 ‘ * |
12 12 12
11 11 11
1 1 1
0.9 y= 0.06_17X + ];.0241 09 y= 0.05183x +1.0027 09 y = 0.0206x + 1.0096
r=0.954 r=0.991* _
r=0.683
0.8 - 0.8 08 4 : —

0 05 1 15 2 25 3

0 05 1 15 2 25 3

0 05 1 15 2 25 3

S
>

XI-2 #213 < % o mikstER e D2k

RRITRE (Gy)

*:P<0.05v.s. 0 Gy

FI-1
-STrapD#(E < DZRAEE
AUC (vs 0GY) 0.5Gy 1Gy 2Gy 3Gy
day0.04 0.617 0.537 0.690 0.532
day1 0.736 0.747 0.890 0.761
day2 0.849 0.945 0.946 0.993
day4 0.968 0.950 0.999 0.998
day6 0.896 0.948 0.998 1.000
day9 0.736 0.796 1.000 0.997
day16 0.808 0.829 0.969 0.959
day24 0.718 0.728 0.914 0.977
day50 0.600 0.521 0.795 0.742
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FH1M1-2

BRI D/NA AR AN DEZETRE

AUC (vs 0Gy) 2Gy
EDEPR 0.997
Dicentric 0.998

qPCR 0.991

Radiation Protection Dosimetry (2016), Vol. 172,
No. 1-3, pp. 145-151 &Y 5|

2. AMERPTIIE < o Mk biE D2 b

~ U ADERKEEEIC 1, 3, 20, 30Gy %z & L, 1~80 A& IC &I OfiEs{biE% i-STrap (2 L > T
TRz, Flo, HEROBELZ BHRICE VB L, R332 HWTAaT7 Y T L, ZORSE,
1, 3Gy TIZSERITZRD LR~ T23, 20Gy Tix—PED R g5, 30Gy TIdHreer: o 1 % %
ZRDIZ(MI-3), E7=. 1, 3Gy TIIA BRI AR TIIBEE S > 7228, 20, 30Gy Tl
RRERAFRY e PR L BEIR T 3 BIE2 S 7= (XI-4), 20Gy Tld, A EZRPURLAEIX T 25580 bz
DILIRE% 6 B B2 72572723, 30Gy Tlid, Mgt 2~80 H £ CHietIICHiiR LB IR F 3Bl S
NTze FRICBBRIROOIL, BERIBL D OIXIG# 10 Bl Thd 5 DlTx LT, Filig{bagik ™
TENLVLEIR HEENE6 HE)ZHND Z ETHDH, ZOMEND, PLERLEE L KER & 121T
BN D D L EZ b, FILRRIK TIIBEMBE RO TR L 720 5 2 L b b, HbH
TEHRSCHIE FIRE(IVR)ORIER & L CRAET 2 BEDORERO T~ ——& LT, Bl (ke
FIHTE 200 Ly,

FI1-3
S R
0 Zipi L
0.5 S0/50:BF L DEL, WAL HD
0.75 HETHLIHTHRER
1 TRAEED BHELES
1.25 FEEOEFRBLIWV/ELIEEVEES LU EZIEEN
15 1DOEFIT S BEH T, BINE AR R O
157 NEREHTOREER 1.5k Y BHE)
2 LW 3B D BECE)
2.5 BAELRIE - TOB R E S D KE DLW EEDIERG
3 BoBHBAEE S TEEDRESDES
3.5 Mo RESE - SRCLIELIEFLTLS
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4

3
N —o—1Gy
m 2
X 3Gy

1 —e—20Gy

0 —e—30Gy

0 20 40 60 80
HE<BDOEZE
[X111-3
BFFEER L < Z2ommEiisbae
1.6

1.4

MBS LEEHMELY)

1.2

il il i A

day 2 day 6 day 14 day 21 day 28 day 80

S OFIVRE

LMEE,

=l

(

E0GYy ml1Gy m3Gy 20 Gy m30 Gy

[X|TII-4 *: P<0.05 v.s. 0 Gy

3. B2 tho miEsiBILiE D21l

~ U ADEHIT, FREFE 12.5mGy/h T 10 HH, 721 42mGy/h T 3 HIE, WL b #afi & 3Gy
ER D XY CHG T~ BRERKN LTz, AT 47 ar ba—L e LT, #ER 0.7Gy/min @
B~ aEH LT 3Gy 2R L2 Lz, RS 2~50 H £ CTREFAYICERML L, i-STrap
e O CRPIE e 2 e Le, RS 2 B B OPIBLREK T IX 2 CoORBERCHREE TH
ST, 4 B BRI ERIEFN 2R LRI T AR b, BEEMEWVIZE, EFREICE
% Db By o 72 (XII-5),
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2RSS <BOMBRIMEL{LEE

i”i”ii‘iiliiiliii“

day2 day4 day7 dayll dayle day24 day50

- =
EN (o)

SOFIVHE
WEE. HEHEEEDE)
-

=
o
®

(

»w 0Gy m3Gy_10d 3Gy_72h @ 3Gy_3min

[X|TII-5 *: P<0.05 v.s. 0 Gy

4. BMEEHHIE < B o mEERRRCIEE & & mAEHTEE LEE DT

FFE 1-3 OFER LY . FERRRIE < RIS LREOIR N 23852 T & 2 i-STrap 113N A 4
Ry A RNUIBELE LCHIACTE AR D, LB TE 5, LL, i-STrap JBITER=E L
NOFETHY , BB TIIZ OMRELFERMCHIET 2 2 L IIRETH 5,

Z T, Fﬁﬁﬁd)#ﬁ&{t EEEZHR L CADZ EIZ Lz, 2mCmERZRET 2 DIEH 2
Blphole)y, MFELZRERSGE T 5 HDIE -3t bRFEEIN TV, TDH5 LD 1 5%
ﬁﬁwﬂﬁﬂff%ﬁo 720 C57 v~ ADEHIZAMERS 217, Z OFBBREFICERIL L, Mg
EREZMRIE LT, E7o, M0 L7228 Tl bIFE & b RRFICHE TE 20T, ZORR b 0f
7 5 (KI-6), 1,3Gy O#IX<IZHWT, MIEHIRLEED A ERZLIZRON bR 7275 1
FEREM LR E BT —BMEICHBICHINT 5 2 Enbhotz, S 612, MEERRRLIEE &OZW
% ROC HhiffiE 2 W TRt L7 & 2 A % 1 B HIXi-STrap OFE R L 0 2WrRE s @ h > 7‘:75\
2 H HLAKEIX i-STrap OFE RO SN ZWrEED i3 > - 7= (FR111-4),
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IMz-EL{LEe MmiE- B LAEE

1Gy
6 T —
$Nnmm ~=-3Gy

BEEAEE (mg/dL)

i : : 3 : : :
S B b S B S B b B
& & P& S PR A AR AN A

[XI111-6 *: P<0.05 v.s. 0 Gy

FI11-4

Mm% BER{LARE DI < DZHHE

AUC(vs 0Gy) 1Gy 3Gy
day1 0.84 0.92
day2 0.65 0.89
day6 0.85 0.95

5. AMERHHIE < %o mEGH D%k

WEARE OFRFTC, i-STrap 1512 X 2 Mk HtEaLREFHGIL. MERRL S OFTRR(LERIC KR & < A &
HTEBHLME R, £, MERFO TNV T FA U REMEIEICE > TR T T 52 & B
Bk leotz, FarPEZINOOMAEWIT LT, HIHES ORI N—T0, ik a~ h7
77 4 —EEIHT(LC-MS)IZ L » Tt FOARMER & MAEDORH 2 T8 L, 14 FE O fin BE
Moo H, BALETEENHEY TH HMLEL 7 v % F4 . NAD+, NADP+% &ie 6 flA, 7R
MERICEFICEENTWD Z L Z2RLIZ@), ZOFT., RIMEROBLETIREEN ., fFREER X
MERHOEE R~ — I —THDHI L ERBLTWD, i, BEEHEEI %O~ 7 20 MmEkH
ORI B RELS BT D EHER L, 2N H7272 34 A R A NV L 2 DA ReENH 5 &
EZT, T THRAIE, MERF O A CE-TOFMS W C, MEFEMICHIT T2 Z Lz L=,
YU ADEHIZ1GY £721E 3Gy ZMRE L, 2 H# & 6 Af&ICHR M L Ciinsk oG 2 JE L
720 MS FENTIZFEARAICHGHEEE LR 5720 DT, 0Gy ([2BT 25 REoREfE 1 &
LT, B b EE RO, 2B BE%2BEE 6 HEOY I ERIAICY T 7|
AT L7=72, BH% 2 BH & 6 HHOLEIZTE o7z, HIER L OBTORE R, Fexld,
A6 O —r 2L, 95 306 [HICHOWTIIMLEMALNT /T — a » T& -, 38 L

14



Wpy 0Gy BEICHETHEIZEML, 61 fSHA 0Gy BEZHE_THREIIK T LT\, FRFZ,
2-aminobutyric acid |% 1Gy, 3Gy O HFIZHBWT, #IE< %2 HE L6 HHEDEL L HARICHEN
LCW/=, —J. 2’-deoxycytidine & choline(= Y 2)iZ 1Gy. 3Gy Dli FIZB W\ T, #IX<#% 2 H
HE6HHDOELLBAEITK T LTV (XII-7),

2-Arrlinobutyric acid 2'-Deoxycytidine* . Choline
¥ * — r 1

@ 2, o 1.2 —E 12 —E — I
51 5 G 14 g 1

7. 1 X X

§ go.a E §0.8

o1 206 - 806

2 204 1 2 04

50°1 02+ 3 02

[1's 0 o 0 o 0

[XIII-7 *:P<0.05v.s.0Gy Sun, Lue, et al. "Identification of Potential Biomarkers of Radiation
Exposure in Blood Cells by Capillary Electrophoresis Time-of-Flight Mass Spectrometry.” International
journal of molecular sciences 21.3 (2020): 812. £ v 5| H

R EDOHIE I KD EAL ORI A S 02T B 7=, ERkS 4t (principal component
analysis; PCA) Z 17 - 72 (XII-8A), Z Dk, ME#% 2 H HIZHW T, 0Gy & 1Gy, 3Gy & 357HE
ST, 1Gy & 3Gy L iFHE /> T, BBET%Z 6 H B TIL, 1Gy & 3Gy & 130 & iu7=23, 0Gy
DIXTHOENRKREL, 1IGy b 3Gy bZNEFN0GY L EAR -7,

WIZ, TN—THOENKRKERD L IICET NVEHE X% partial least squares discriminant
analysis (PLS-DA)Z 1T > 72 (MIII-5B) & Z A % 2 HH. 6 HH & HIZRT L—T THEE T,
E 5T, 1Gy 28 0Gy & 3Gy DIAFIET DGR & e o T2,
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PC 2 (18.8%)

Component 2 (11.9%)

XII-5 A : PCA, B :PLS-DA Sun, Lue, et al. "Identification of Potential Biomarkers of Radiation
Exposure in Blood Cells by Capillary Electrophoresis Time-of-Flight Mass Spectrometry.” International
journal of molecular sciences 21.3 (2020): 812. X v 5| H

PLS-DA IR ET IV TH - T, BEUFET L TiEeV, 2F 0, Fx OEBRRTE 21X, PLS-
DA D4, 0GY IZUTWV D, 1GY (ZIEWV D, 3Gy IZH WV DO HKHE T 578, MEEHEE
THZEETERY, 2T, WIRET L THILIAT v T I A REEANT, BEHEETT V&
WSS L 7-(RII-4), ZOfEHR, B2 HH, 6 HE & HI2, 10 Mo it Sh, R=1 0

20 30

10

-10

15

0

-10

-20

Component 1 (24.9%)

FURERRZFD 2 ENTE T,

Day 2
e 0Gy
o 1Gy
e 3Gy
o
(=]
] o, :'
o
C o
o
-20 -10 0 10
PC 1(25.5%)
Day 2
o 0Gy
e 1Gy
5 e 3Gy
(o]
e
°
]
-]
]
° e o
-5 10 -5 0 5 10
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PC 2 (16.2%)

Component 2 (15.1%)
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PC 1(25.3%)
Day 6
@« 0Gy
2 1Gy
® 3Gy
)
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e
e o
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o
o
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Component 1 (23.2%)




FII-4  Sun, Lue, et al. "Identification of Potential Biomarkers of Radiation Exposure in Blood Cells by
Capillary Electrophoresis Time-of-Flight Mass Spectrometry.” International journal of molecular sciences
21.3(2020): 812. X v 51 H

Metabolite Coefficient ~ Standard Error T-Value p-Value
Two days after irradiation (Rz =1;p <0.001; F-value = 4.76 x 1010)

Constant 1.333 0.000000065 20,573,133 <0.001
Trigonelline —0.731 0.000000704 —1,037,888 <0.001
y-Glutamyl-cysteine 0.842 0.000000709 1,186,369 <0.001
Kynurenine —0.382 0.000000265 —-1,441,436 <0.001
Isethionic acid —0.286 0.000000521 —548,634 <0.001
UDP-glucuronic acid —0.181 0.000000773 —234,621 <0.001
Hypotaurine —0.042 0.000000209 -202,910 <0.001
N®-Acetyllysine 0.029 0.000001165 24,655 <0.001
NADPH_divalent 0.005 0.000000767 6794 <0.001
S-Methylcysteine —0.0002 0.000000627 -333 0.0019
Adenine —0.00005 0.000000725 =72 0.0089

Six days after irradiation (R? = 1; p < 0.001; F-value = 1.1 x 10'1)

Constant 1.333 0.00000120 1,109,219 <0.001
Choline -1.180 0.00000631 —186,890 <0.001
Dihydroxyacetone ~0.115 0.00000407 ~28,344 <0.001
phosphate
Histamine 0.095 0.00000211 45,188 <0.001
Glycerophosphocholine —0.129 0.00000559 -23,197 <0.001
Ornithine 0.092 0.00000387 23,692 <0.001
Fructose 0.063 0.00000397 15,820 <0.001
1,6-diphosphate
Ethanolamine —-0.017 0.00000413 —4103 <0.001
Methionine sulfoxide 0.004 0.00000381 1075 <0.001
Threonic acid 0.002 0.00000447 346 0.0018
Spermidine —0.0004 0.00000684 —67 0.0094

INDLOMRERET D & BT < NMERDONHMIHE L 520 Z L ITHALNTHY .
ZNoEDORBMEZRET 5 Z & THRITSRICREEZHEE T DR H D L E A D,

6. 3 EIEMAG DY (MIEHIELLEE+DNA 5+ X F 2 FU THRE) (X 2MEHEFLED
REEE « JRRHE 2 RHAT 4 % 72 60 D IR

BEEIEIZ L DA A RV A N OFRAMEZ T 272D O FEBRE LG LTz, ERA ¥ — A
MI-3 DY THD, v AN, il Fl—~7 2DMiEH 5 i-STrap, yH2AX, /3—F
DRNE ZAT > 7o, FST, BRI, i-STrap 1LPEFEE R TEHi L7z, yH2AX, /3—F DWW T, Al
RLE E THEREREERTITO, B o 7V ERIMR T F IR MR EFRPPEICE L L, AT &SRR
ENENRE&E& NV N ELT - T2 (KII-3),

FT, FEERMORSREZKII-6 (TR T, 23, S—F 03 L BERTORBL & (/MR T DR
BT LTz, MO TORAETHY, —FILNFERL TRV DTEREY T R 4 LT D)FRED
RKEWEZALHDN, BEBOLRINETEBY OFEEN/GLNT, KRIZ, SEEHEMOSA L
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G D DOGE OHEERE 2T T 5720, BURMNT 21T - 7o (KI-7~11), (XH>Z DFEEE
LT, ZRPEEFEHRFE RMSE, R ZFAMHL, P<O.0SZHEL Lo, TORE, EORA
Y RMIBWTY, MAGDEITHEME Y RMSE & R “FERN/NELeolz, 72, MAEDED p
EIXWTNOX A LKA FTH 005 L FTHY, ZOERIRMHITEMRDSEE, D 0 REHETEH
JERfNTT DL LTREATE D, LI ZEE2EKRT L, SOICEEFHEDLRLIE, Hillk
MAGDE & T, BWHBESCTHRSEICAREN D L0, HXLIMNERS L LoD, 1k,
AENTY > TV D T o T2 T2, ROC BRAENTIZAT - TN W CGRAEFE Eit T E).

MRIAA L aE 3. L) > ) CERDNAIB(S
1.5 _
E:
il p! N
3 1 [} -
r§ ! — — : iy
+~ ) & i [w]
N !/I T &
@ 05 1
t - 1
= ) : 1
0 '-/ L
0 1 2 3 0
BREHRE(G
2(Gy) 0 1 Dose (Gy) 2 3
D> )K= b2 RUJES m/viR= 3> RUJ7EE
20000 150
15000 T 1 100
% [ -I % —e—dayl
e 10000 %
el L T # so —a—day2
5000 day3
0 0 — day?7
0 1 2 3 0 1 2 3
IBEHFE(Gy) BBEHFE(Gy)

[X/111-6
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dayl

3.5
3 ¢ o0 0
U]|H]H 2.5
m;qr_\‘ *1
| =~ 1.5
'UIR 14 COCR
EEE.IE 0.5-
0 o o0
-0.5 T T T T T T T
05 0 05 4 A5 2 25 T 38
TR E
I~JIVK B2

RMSE=1.3355 / R2=0.04 / p=0.5102

day3

3.5

3]
mlHH 2.5
W 2
= 15

1
0.5
0.

-0.5 / :
-1 05 0

T T
05 1

FRIRE

T
15

RMSE=0.8231 / R2=0.64 / p=0.0019

0.5 :
0

0.l5 ]I. 1.‘5 2
N =
TR E

RMSE=1.2803 / R2=0.12 / p=0.2659

day7

25 3 35

0.5 :
0

T T T T T T
05 1 L 2. 25 3

5 3
TR S

RMSE=0.766 / R2=0.69 / p=0.0009

3.5

BII-7 Mk ife{bae
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T

dayl day2
3.5 3.5
3 . - 3
mlH}H 2.5- ﬂ]lEHH 2.5
{D§ 2] ,m% 2
ﬁ 1.5+ _|‘>1_‘=\1,5_
"II:R’ 14 - . 'UT-\S’ 14 - .
EE: 0.5- EEE 054
0 o o 079 oo °
-0.5 . I . ; -0.5 ;
-0.5 O 05 1 25 3 35 0 05

RMSE=0.4055 / R2=0.91 / p=0.0001

/,\J%?E

15 3

Sl e

//\

4

RMSE=0.8614 / R2=0.60 / p=0.0030

day3 day7

3.5 3.5

3 o e . 34 - o o
ﬂ]lmﬂ 2.5 mlmﬂ 2.5
S % 2
ﬁLs_ ﬁm_
'CU’-R‘ 1 . e e o 'm 1 D . .
Eg:os_ ngo.m

0 e o o 0 o o o

-0.5 , -0.5 T T T | l T

-1 —05 0 05 15 2 25 3 35 05 0 05 1 2.5

RMSE=0.7577 / R2=0.69 / p=0.0008

/,\J%?i

K-8 U > <k DNA {5
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RMSE=0.8786 / R2=0.59 / p=0.0037



dayl

3.5

3
H]l[ﬂﬂ 2.5
ara

1.5

oy o1
EDDE 0.5
04

-0.5

T T T T T

O.IS g Al 2 2.5 3
Bl e==1

RMSE=1.0642 / R2=0.39 / p=0.0291

day3

3.5

I
05 0

3.

S

3]
I]]'H}H 2.5-
ara

1.5

IR
ROZ

(mm 0.5
0-

% -

L] *

0.5 :

T T T T T

O.IS 2 D 02 2.5 3
TR E

RMSE=1.017 / R2=0.45 / p=0.0176

05 0

3.

5

T
05 1 1. 2

5 &
TRIRE

RMSE=1.1466 / R2=0.30 / p=0.0676

day7

3.5

25 3 35

_0'5 I T T T T T T

0 05 1 15 2 25 3
R

3.5

: ==
FHR=
RMSE=1.342 / R2=0.04 / p=0.5592

KI-9 Vo N8k b= R TG
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dayl

3.5

9]
|]]|[HH 2.5
o2 2
ﬁ 1.5

T T

0.15 1I 1.15 2I 25 3
N =
TR E

RMSE=0.9303 / R2=0.50 / p=0.0147

day3

3.5

T
0

3.

34
mlﬂ]ﬂ 2.5
o 2
_t‘“; 1.5

aON 1
ROz

s 0.5

04 e

0.5 -
05 0

T T T T

T T
05 1 15 2 25 3

FAlRRE

RMSE=1.3121 / R2=0.08 / p=0.3801

3.

5

5

05 1 1. 2

5 A
TR E

RMSE=1.1814 / R2=0.25 / p=0.0961

day7

3.5

25 3 35

T T T T T T T
1 & 2 25 3

5 .
TR E

RMSE=1.3211 / R2=0.06 / p=0.4239

3.5

KII-10 MM/ b= R U 7HE
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dayl

3.5

3
H]IH]H 2.5

=~ 1.5
R 14 . .
ROz

[ =iy 0.5+

0-{ ep’e

-0.5 T T T T
05 0 05 1 1

5 2
FRlRE

RMSE=0.2189 / R2=0.98162 / p=0.0001

day3

3.5

T T T
25 3 35

T
=
aR

D >+

1.5

1

ROz

[mm iy 0.5~
0| oo .
-0.5 T T T T T
05 0 65 1 15 2
TARRE
il v ==

RMSE=0.817 / R2=0.75 / p=0.0284

T T
25 3 35

-0.5 T T T T T T T
05 0 05 1 2 25 8 .35

1.5
TRIRE

RMSE=0.7919 / R2=0.76 / p=0.0232

day7

3.5

©
n

05 0 05 1 1. 2 25 3 35

5 2
TR E

RMSE=0.8333 / R2=0.74 / p=0.0323

XII-10 FHAEHE

7. HEEREONE

SEE, BB, yRAX RIERT v 7 OB%, N4 A RV A MIEE LTOT R AT
EMEOHERMEOKG, " AR A MIEELELTOI hay N THEE(—F REA)OH
RPEDRF, NA A R A R UL LTO Nrf2 OFIENT OA OS2 E 21T > T\ 5,
FNHICHELTIE, EoHEFEOREELZ TRV X 720,

V. #%2

< EHAMREL >

RN OB TN T v 213, FRMEEMIC & > TIEFICEETH S, WU L-LOJEMRE
F(ROS)IT, HMIfE DB HIFEREIC W CEE /2 &E 2 B 7= 953, ROS OEIINCHlsL > A
TADIKFIIBLA F L AZG| &R L, A RIRRORKIC 2D, —F. HdHiRiZ. DNA OE
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FEFERES DNA 18D H,0 OEREZ 51 & Z L, £ DOBRIZEEA Sz ROS 12 X - T DNA [ZH15
EH 25, IHIT, EBRBHZIZI Fa 2 KU 7O ROS BEEANBHM L, LA b L AREEINT
Do ZORBUHRRHREDORBIEMERR(EA P L AL, TR b= A MifaE b, ERER L, &
NG H(-T), LinL, THEHRDEROBGE TIRIEIC Y D X 9 R BE2 5.2 570 2l
NFE. BT Th D,

MgiE, MRS (RIS AR IMER) & FEMIAR A (IE, MyE)22 6705, Lol 138 A EDOWFZEN
MDA ERE Y TTIY . RMEKIZE B LRI 220, it HHE b O 7 v
— W, Wik v~ N 757 4 —EESHT(LC-MS)ICZ L - Tt hOFRMER & gD 2 & &
L. 14 FEOFMBENHY O 5 6, bR B EY Cb HW(bi 7 v % F 4 NAD+,
NADP+% &t 6 FEZS, RIMERICEEICEENTND Z E AR LIZ@), ZOFHL, RMEROEBR(LIE
JCIRREDS, EHEIRIEERS L OMRHOEE 2~ —h—ThDH Z L 2R LTS, AIFFETHO T
% i-STrap {E1X, 7V WNOEZBEHEET S Z LB TX 581 A B2 B (Electron Spin
Resonance : ESR) % W CRMOHEELAEZTE T 5 &5 2 =— 7 2 1L T, EREEAIB0R (4
e« REAR, Bl - JUNRIEEEALER) & RCAL PR EET 3 SRR L2 b O Th D, Fexid, £
B HEMHRMEZ W T2 72V T T2 T D, i-STrap D ZEARN) 72 RS I FEAEFE O 5 E 2 Fedk L7238 v <,
MERDOFRLREIC(IMAE L V)R IKGFT D Z ERDhr> T D, ZiE, mERFIZ LY £ < ot
BALHE N EENTHDINETHDL EEZLND,

Fexld, ~ 7 AORHIZAMERE 21TV REFAICERM U, i-STrap 1512 X 2 Mk tER{LHE D fiF
Wradtolc, TOREER, 0.5Gy UL L@k < #ic—mtto Mkt bk Pl s s =
L, WRTHO THLMNC Lz, £72. 0.5~3Gy TITMEIEIFI 2R PIRILEEIX T, 3Gy L ET
1% 3Gy & RIS OPIR AR P MBI S i, MIRPTERLREIR N oo v — 7 13T < # 1 EHRRE O
EZAIEHY, P ERITMIETE LR TR Shi o, 2F Y, T oMkt
FRLREIR NI, HHRIC k- THEA SN2 ROS 3% 5- L2 b O Tid/e < #E<Ic L 5 2 kil 7p
AWFRNERRSIER I LIZb D EB b5, SHIZ, 2Gy L EO#IEL Tk, S biEn(X
T3b7p< &6 50 ALL BT 2 2 & 28 A LT, OB B0z & A 3 EEA h LA
CEBACBEE L TWA 2 END, ZHIUIIERICHEBRENESR TH 5 (8-10), W< DD TS
TiE, 2 hary FUTOEREROKEN B E I ha RY 70O ROS FEAZ T LT, MllROmE
fEA N U AR IR S ~ B A MBS S D L ST Y (11-12), ROS D A
H=ALD 1oL LT, DNAEEOE I —BIETTHDH ATM OBLERERH I TWb, L
L. #IE<HRED 1~3Gy 72 51X, DNA HEINE T # 24~48 IR CIRITE T T 572
B IS OATIEIEL, Fox DR L7 BIR 2 5 2ITITH I TE R,

ZZC, MIEFOPEELRE L MR LR E O R A TIRO FIEIC XV IE L, Ziud, L0
RPEEZ R T D L) HINE . MEROFEE(LREZ KB L T\ 5 i-STrap &3 280 e
LT, MFEFOEMIZT A=A LTEHMET D EWD 20O HMNH -7, ZOFEE, MFEOH
FRLRBITHIE < RICE L Lg o 72y, IR EIRE O B3 L7, MR LRE N 2D 5 a0
ZEnn, MEFEFOEEA R L ABEROS ®)MBHIML TS EEX BND, MEROTEILIEN K
TT 55T, (LA ML ADFIN L2 pRMERFOA~NE 7 B ER)OEMEF LARNDT,
SRR T 5 LARE A Mg i 2 ATZRTRENED & 5, ROC HhifRo> AUC(Area Under ROC
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Curve) & VT2t P L& 2 A, RS 1 B H TIEi-STrap L 0 UEEERLIRE )5 1332
mb#@#otﬂ\%@%ﬂ%%@w@ﬂ@tit%fﬁ&i@Ew IE 720, —5T,
HRGI% 2~9 H BIZHWTUX, i-STrap 13BEAF L L RIRREDOZMEL b2 Z L b oT,

WEAEEE OffAT C, MERP O 7N Z F A REDFIIICEVARITE T T2 2 L 62T
O Fx X mERFORFI S FT~F v Z7IZZEE L TWHEDTIERWNEEZ D L HITRoTz,
% 2T, CE-TOFMS % MV TILER T DR & RIS HT 2 2 LIS Lice NA A R ALY
fErE & L T o R 2 E Lo S 2 BAFE S 55, £ D1 L A Z13 GC-MS X° LC-MS,
NMR Z W=t T v | CE-MS Z AW TZfBIT 1372 v o 7o, F 7o, Al 2508 & MR, M
Mg, JREMMALTRY ., MERAZRE L LIfTiZRnote, 2E D Fox OffHTIZ. CE-MS %
AWie g Sl mERAEFEE Lz &) miciksWn T RPN & 22 5 7=, 7235, [CE-MS,
GC-MS, LC-MS DWW H ) EATAFRIZIZ E AR b OB D D0 Vo5 0% 2 1%, Fix
ISAAFEFEHIR L 72 @SSR H 2 DT, 26 b &x TEWIZ72 & 720 (CEfm S AL,

A B R v — LENT ORGSR, Fxld, 36 o —27 2B L, 95 306 fEic >\ a4 %
T)T—varyTERE, 0O L, 38 0Gy BEICLETHEICHM L, 61 fA# A 0Gy
FEICHARTHEIE T LW, #iZ, 2-aminobutyric acid 1% 1Gy, 3Gy Dl FIZHB W\ T, #7IE<
#%2HAEL6HHDOELL EAFITHIML CTUz, —J7.2’-deoxycytidine & choline(=2 V )L 1Gy,
3Gy D FIZENT, WE< % 2HBL 6 HHOEBLLLARICIKTFL T, 2F0, 203
BofAwiL, BE% 2~6 HRAICHT CAEICHMor K T+5EE206N05%, &HIT, AT v
TIOA RXEE O TREHEICLERREEcOFGEHE LA, BH% 2 HH, 6 HE
EBHIC 10 ORI, WFRE R=1 LheoTo, BTEMICIE, s RERHETE
HEN) LIRS TLEIN, HLETUHELNTRMRZE S E I LICFER2D T, Z
B ENZEDTHIREZ FF O & OB LETH D, T DFRERIT, #IE< sk
W ERELSBILIEDLZ L ERLTRY,, MEROMHDBH 7234 A R A N UFEIEE 720
IDLAREMENRSH D Z L EZRLTND, LLARRL, XA ARV AN ELTEHRTS 952 TK
ERRBEEAET 5 Z L bAFFIR LTV D, Bz, OLE3{LaD 5 B, 2-aminobutyric
acid & 2’-deoxycytidine (X ZAVE CHEMA R Z & W2 L RVMEA T, ED X 5 okne
NHDHPHRTH L Db iinotz, £7-. choline Xz EMNEEHNE THY, y—hT
g4 TV RALMEE Y XL)CBEET D AREMER H D O T, BMOFFHEIC L > TRE S ELH TS
AREMERH D EEXLND, @5, AT v T UAXEBICIVBEH%2 BB L6 HE TEREN
10 EOMRHH AL Sz, 2 HEE 6 HE & Tl & =REHARES B> Tz, Z
AUE, BIX S BRI DB ENT 2 2 2T RIS, X< HEO BED & IZEEOHE
E/\"?/I/%Vﬁﬁkﬁ‘ézgﬁ%ﬂ* LTW%, OMS fRHTIZEARRIAERHE L2 S 7220 T, ffakt

/AT HIE, SRV OFEEDE Y TN EEREER L, TUCYTEIDL20E R H D
T2, RERFNDMEEL 2D, @I E TG 2R & L MS ## TR EiR CTh-7-7=
B, EFERE FOMEERIE ORI ONTIE, £OT —F X—= AN —HITHEERALRF B A
NZJEA I v 7 AL M/ (jMorp) : https://jmorp.megabank.tohoku.ac.jp/202001/ 72 E)E T\ 5
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Construction of a technological platform for a dosimetry system
combining biological indices applicable in the event of a large-scale
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Abstract

Dosimetry based on biological indices (biodosimetry) is essential in the event of a large-scale disaster.
To maintain a robust response to a radiation disaster and to increase the reliability of dosimetry readings,
biodosimetric methods involving multiple techniques must be devised. The principal investigator and
co-investigators have previously studied body responses soon (several minutes to several days) after
radiation exposure from different perspectives. One aim of the current study is to translate those findings
into biodosimetric techniques. A second aim of this study is to combine those techniques to construct a
technological platform for a biodosimetric system with assured sensitivity and accuracy and exceptional
simplicity, rapidity, and economic viability.

In specific terms, this study will: 1) ascertain patterns of changes in and mechanisms of the
anti-oxidative capacity of blood, mitochondrial damage, deoxyribonucleic acid (DNA) damage, and
telomeric damage after radiation exposure; 2) develop simple, rapid techniques to measure these biological
indices; and 3) propose a biodosimetric system combining the identified biological indices for widespread
implementation.

During this fiscal year, we developed a microfluidic chip that rapidly and conveniently quantifies
deoxyribonucleic acid (DNA) damage. We measured plasma lipid peroxide, plasma antioxidant capacity,
lymphocyte nuclear respiratory factor (NRF) 2 expression, lymphocyte telomere length, and blood cell
metabolites to investigate whether or not they are useful as a new index for dosimetry. Sufficient accuracy
and sensitivity could not be attained for plasma lipid peroxide and plasma antioxidant capacity.
Quantification of lymphocyte NRF2 expression, lymphocyte telomere length, and blood cell metabolites
may become useful in dosimetry. However, further innovation is necessary for its application. We also
analyzed the blood antioxidant capacity after local acute exposure and whole-body chronic exposure with
the i-STrap method. Furthermore, we started an experiment that evaluates the accuracy and sensitivity of a

dosimetry method that combines three indices—blood antioxidant capacity, DNA damage, and
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mitochondrial damage.
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Analysis of mitochondrial damage as a potential biological marker of
radiation exposure

Tsutomu Shimura

Department of Environmental Health; National Institute of Public Health 2-3-6 Minami; Wako, Saitama,
351-0197, Japan

Key word : Biological marker, mitochondria, ROS

Abstract

Radiation-induced DNA double strand breaks (DSBs) cause the main biological concern including loss of
genetic information, chromosomal aberrations and induction of apoptosis in irradiated cells. Measuring the
amounts of DSBs using the marker y-H2AX is thought to be a powerful tool for radiation dosimetry.
However, y-H2AX shows fluctuations after radiation and disappeared after the completion of DNA repair.
In order to extend timing for dose assessment, it is essential to identify the other biological markers for
radiation dosimetry. Mitochondria are sites of reactive oxygen species (ROS) production. IR is shown to
stimulate generation of adenosine triphosphate via oxidative phosphorylation (OXPHQOS) which induces
mitochondrial ROS. Mitochondrial ROS attacks mitochondrial DNA (mtDNA) and cause mitochondrial
oxidative damage. Excess mitochondrial ROS resulted in mitochondrial damage that was in turn recognized
by Parkin, leading to mitochondrial autophagy (mitophagy) to protect the quality of mitochondria Because
MtDNA lacks histone protection and the efficient DNA repair system of nDNA, IR-induced mtDNA
damage is thought to be more extensive and persistent over time than nDNA damage.

Here we investigated IR-induced mitochondrial damage in normal human fibroblasts and mouse blood
cells. We immunostained irradiated cells with an antibody specific for the E3 ubiquitin ligase, parkin,
which recognizes damaged mitochondria with low membrane potential. The goal of this study is to
establish biological dosimetry systems in combination with several biological markers such as DSBs (Dr,
Nakamura), mitochondrial damage (this study) and antioxidants capacity (Dr. Moritake).
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Abstract

The risk of radiation exposure by space radiation, radiation therapy and unexpected radiation accident are
concerned in modern society. To understand the biological effect of ionizing radiation on organisms, it is
essential to assess the absorbed dose by exposure. Although the most common methods for biological dose
evaluation is dicentric chromosome assay (DCA), it may not be appropriate for the situation needing the
result immediately to determine medical care since it takes several days to complete the whole analysis and
yield the result. In contrast, DNA damage detection using the phosphorylated histone H2AX (y-H2AX) is
more suitable due to its high sensitivity that detects the DNA damage equivalent to 1.2 mGy radiation dose
and, rapidity of obtaining results (less than 24 hour). However, y-H2AX assay is performed in the
laboratory and a few challenges for being performed “on-site” still remain.

Therefore, in this study we developed Polydimethylsiloxane (PDMS) micro fluidic chip (PDMS chip) that
isolate lymphocytes from peripheral blood to perform y-H2AX assay on it. PDMS is one of the silicon
gums allowing manufacture of complex high order structure. PDMS chip has a flow path with trap
structures, which enable to separate lymphocyte. Furthermore, y-H2AX assay can be performed directly on
the PDMS chip with following drops of fluorescence staining agents. Here, we performed y-H2AX assay of
TKG6 cells that were exposed to different dose of X-ray on PDMS chip and showed the dose dependent
increase of DNA damage.

Thus, our results strongly suggest that PDMS chip is usable in DNA damage evaluating device and make it
possible to assess the biological effects of radiation rapidly on-site.
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Abstract

In the areas where the evacuation order was lifted and decontamination has been completed after the
Fukushima accident, accurate information on individual external doses is needed to help predicting future
individual external doses of people with different time-activity patterns and examine effective radiation
protection countermeasures. The goals of this project are to establish and verify radiation measurement and
assessment methods that support the examination of effective individual external dose mitigation according
to local or individual dose conditions. The objectives of this project were twofold: (1) the development and
verification of a tool for assessing realistic individual external doses, and (2) the establishment of
radiological measurement and analysis techniques to help radiation dose mitigation for individuals. In
fiscal year 2019, using a personal dosimeter (D-shuttle) and GPS logger along with lifestyle survey, we
evaluated the individual external dose levels for those who returned to the former evacuation areas
(approximately 20 local residents) after the evacuation orders were lifted. For detailed analyses on the
relationships between various dose measurements which include actual measurement of the individual
external doses and ambient dose rate, on-site measurements of ambient dose rate were conducted on the
resident’s property. The result of D-shuttle measurements showed that most individual exposure doses of
the returnees observed in this study has decreased to near 1 mSv per year, but it depends largely on the
lifestyle of the individual. This reconfirms that it is important to understand the exposure dose according to
the lifestyle in order to examine the specific exposure reduction measures for individuals. As for the
web-based individual external dose assessment tool, a prototype was developed by organizing model
parameters and improving GUI. Regarding the establishment of radiological measurement and analysis
techniques, the calibration of the radioactivity measurement in the soil 1m above the ground was carried
out using a soil radioactivity measuring device. This made it possible to estimate the approximate value of
the radioactivity for an area of about 1 m square. In addition, an attempt was made to estimate the
background dose before the accident in Fukushima using the results of spectrum measurements up to
high-energy y rays. Moreover, for the small personal dosimeter equipped with the improved wireless
communication and display functions, the BLE (Bluetooth Low Energy) wireless communication
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compatible radiation dosimeter sensor substrate has been improved to enable long-term radiation dose
measurement with one button battery.
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Estimation of the early internal dose to the public following the
Fukushima nuclear power plant accident based on multilateral

analyses of evacuation behavior data

Dr. Osamu Kurihara

National Institutes for Quantum and Radiological Science and Technology (QST)

Key word: Fukushima Daiichi nuclear power plant accident, dose estimation, early internal
dose, iodine, cesium, evacuation behavior

Abstract

In the present study, we rearranged and aggregated human measurement data and personal
evacuation behavior data that had been collected by us for estimation of the early internal doses to residents
following the Fukushima Daiichi nuclear power plant accident, and also attempted to archive secondary
data produced from these data depending on each purpose of analysis. The original files of personal
evacuation behaviors contain time-series of whereabouts after the accident; however, are not suitable for
further analyses because of the difference in data format depending on a period of time and a large number
(one single CSV file per one person). Thus, we converted these original files into regular formatted files
with one record for every hour and combined the arranged personal behavior data with individual
measurement data by whole-body counters (WBCs). Using these files, we grasped movements of residents
during their evacuation shortly after the accident and analyzed the relationship between the Cs body
contents of subjects of measurements with WBCs and their whereabouts (the distance from the plant).
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1. JR{THT

REDSOIEBT A IHEMUEEMIDCs1378MEB R

SRILET HHEE EZ sHEUESRE IEEZ)
adult el A#8 | MR ~5kBq ~10kBq ~20kBq /&t | 20kBg~ * AR 5 % THBESD
[ 317 201 44 44 23 312 5] * BEKE 1 %TEBERD
BE [REN SO 20km 30km 40km 50km 70km 100km
B BEst BRobE BN Bt BRobE  [EPY B5 BRobE  |[EPY E5t iRotE BN BEst BRotE BN B BRobE
3A128 A 245 27 40 281 10 21 293 5 14 300 3 9 308 1 3 311 1
[ TR | 2476.8 [1687.6 2441.0 0.0 *x* 2453.9 0.0 ** 2488.3 0.0 *x* 2510.4 0.0 2498.5 0.0
bz |l 35.5% [122.2% 35.6%  0.0% 35.8%  0.0% 5.7%  0.0% 35.7%  0.0% 35.7% _ 0.0%
3A128 A 244 27 41 280 11 21 293 5 14 300 3 9 308 1 3 311 1
36 E9IREE| 2469.3 | 1687.6 2449.8 0.0 *x* 2453.9 0.0 ** 2488.3 0.0 *x* 2510.4 0.0 2498.5 0.0
it 135.2% [1122.2% 35.7%  0.0% 35.8%  0.0% 5.7%  0.0% 5.7%  0.0% 35.7%  0.0%
3A128 x@| 237 32 43 279 12 21 293 5 14 300 3 9 308 1 3 311 1
6 Ti9iEmE | 2427.1 [1628.5 2458.5 0.0 *x* 2453.9 0.0 ** 2488.3 0.0 ** 2510.4 0.0 2498.5 0.0
BHE[ 35.0% UZI.Q% 35.8% 0.0% 35.8% 0.0% 35.7% 0.0% 35.7% .0% 35.7% 0.0%
3A128 A 168 106 38 266 27 19 289 9 14 299 4 9 308 1 3 311 1
L TR 3144.6 | 950.1 * * 2567.9 | 205.0 ** 2487.9 0.0 ** 2496.6 0.0 *x* 2510.4 0.0 2498.5 0.0
43.5%[117.9% * * 37.2%] 7.4% 36.3% _ 0.0% 5.8%  0.0% 35.7%  0.0% 35.7% _ 0.0%
3A128 104 174 34 222 56 34[ 272 22 18 287 12 13 308 1 3 311 1
128§ 4164.2 11084.9 * * 2838.0 668.2 * * 2622.5 127.4 * % 2601.0 0.0 *x* 2510.4 0.0 2498.5 0.0
5617% []18.4% x * 41.0%[] 12.5% * * 37.9%| 4.5% 7.3% _ 0.0% 5.7%  0.0% 35.7%  0.0%
3A128 84 194 34 205 72 35 261 31 20 280 18 14 305 3 4 310 2
156 TiEmE| 4578.9 [1222.8 * * 3053.6 | 519.7 ** 2733.0 | 904 ** 2656.0 | 155.7 ** 2535.1 0.0 ** 2506.5 0.0 **
b 064.3% [1]19.1% * * 43.9% [ 9.7% * * 39.5%| 3.2% 37.9%| 5.6% 36.1%  0.0% 35.8%  0.0%
3A128 A 57 225 30 173 104 35 234 54 24 270 29 13 300 7 5 308 3 1
185§ TIIEAE | 4953.2 [1594.0 * * 3256.2 | 962.3 * * 2972.8 | 166.2 * * 27544 | 967 xx 2577.3 0.0 *x* 2522.8 0.0 **
12 1066.7% [ 124.9% * * 46.8% [] 15.4% * 42.3%| 5.6% 39.3%|  3.4% 6.7%  0.0% 36.0%  0.0%
3A128 A 32 251 29 135 139 38 195 87 30 241 51 20 297 8 7 306 5 1
218 TA9iRAE | 5677.2 [1885.8  * * 3265.1 (14237 * * 3055.0 | 944.1 ** 2798.3 | 838.5 ** 2547.5 0.0 ** 2539.3 0.0 *x*
it 75.0% I 27.5% * * 45.9% [121.6% * * 43.6% [ 13.8% * * 40.2%[] 11.8% * * 6.7%  0.0% 36.3%  0.0%
3A138 A 25 258 29 128 147 37, 183 99 30 224 65 23 294 10 8 305 6 1
(L] Fi93BmE | 5600.0 [1999.3 | * * 3264.1 [1527.8 * * 3065.2 [1221.7 * * 29785 | 657.9 ** 2547.0 0.0 ** 2547.6 0.0 **
it 172.0% [ 29.1% * * 46.1% [ 23.1% * 43.7%[117.2% * 42.4% [ 9.2% * x 36.7% _ 0.0% 36.4%  0.0%
3A138 A 25 258 29 127 150 35 178 104 30 223 66 23 294 10 8 304 7 1
38 TI9IEAE | 5600.0 [1999.3 | * * 3289.8 (14973 * * 3095.3 (1258.9 * * 2991.9 | 648.0 ** 2547.0 0.0 *x* 2556.0 0.0 **
i 172.0% [ 29.1% * * 46.5% [22.7% * 43.8% [118.3% * x 42.6% [ 9.1% x x 36.7%  0.0% 36.5%  0.0%
3A138 A 25 258 29 126 151 35 176 106 30 219 70 23 293 11 8 304 7 1
68% SEA9IRERE| 5600.0 [ 1999.3 | * x 3315.9 11487.4 * * 3130.5 [1235.1 * % 3001.0 753.4 * % 2538.0 471.6 * % 2556.0 0.0 **
g 172.0% [ 29.1% * * 46.8% [[[22.5% * * 44.3% [ 17.9% * * 42.5% [ 11.4% * * 6.5%[ 9.1% 36.5%  0.0%
38138 A 22 264 26 111 162 39 166 118 28 214 74 24 287 15 10 302 9 1
EL TiEmE | 4818.1 [2148.7  * * 3564.3 [1474.4 * * 3213.5 [1258.0 * * 3040.6 | 801.1 ** 2591.1 | 3459 % 2555.7 | 576.4 % *
it 1168.2% [ 30.7% * * 50.5% [22.8% * * 45.2% [ 18.6% * 43.0% ] 12.2% * 37.3%] 6.7% 36.4% [ 11.1%
3A138 A 15 273 24 97 175 40 146 132 34 197 88 27 283 19 10 297 10 5
128 TR | 4304.9 [2207.3 3405.0 (1760.9 * * 3270.6 (15483 * * 3205.1 | 892.8 ** 2614.2 | 1473.9 ** 2598.8 | 518.8 * *
12t [1160.0% [ 31.9% * 47.4% [ 27.4% * 45.9% [22.7% * 44.7% [ 14.8% * 37.5% [ 10.5% 37.0%[ 10.0%
3A138 A 13 275 24 91 183 38 135 142 35 186 97 29 278 22 12 295 12 5
158 mEnER | 3458.1 [2262.6 3538.6 [1750.0 * * 3345.5 16483 * * 3250.2 | 987.1 *x* 2608.2 | 787.0 ** 2603.4 [ 750.4 * *
1 [153.8% 32.4% 49.5% [ 27.3% * 46.7% [124.6% * 45.2% [ 15.5% * 7.1% [118.2% 36.9% [ 16.7%
38138 PN 12 277 23 87 188 37 130 149 33 179 102 31 271 29 12 287 18 7
188 Fi9iEmE | 3057.1 [2286.6 3667.9 (1754.2 * * 3451.8 [1609.7 * * 3277.6 [1113.7 ** 2630.5 [1018.2 * * 2606.2 [1257.1
1% |150.0% [£32.9% I50.6% [ 27.7% * * F47.7% ) 24.8% * * [F45.3% [117.6% * * IF37.3% [120.7% IF36.9% [ 122.2%
3A138 A 11 279 22 83 192 37 127 152 33 177 104 31 269 30 13 283 22 7
218 Fi9iRmE| 2506.7 [2343.0 3572.5 (1835.3 * * 3533.4 [1577.9 * * 3314.6 (1092.3 * * 2650.1 | 984.3 * * 2632.8 [1160.4 *
45.5% [ 33.3% 50.6% [ 28.1% * * 48.8% [ 124.3% * * 45.8% [117.3% * x 37.5% [120.0% 37.1% [122.7%
3A148 11 279 22 80 194 38 123 155 34 171 109 32 269 30 13 283 22 7
oRf 2506.7 [2343.0 3342.6 [1919.5 * 3319.1 [1749.8 * * 3194.1 [1330.1 ** 2650.1 | 984.3 * * 2632.8 [1160.4 *
45.5% [ 33.3% 48.8% [ 28.9% * * 47.2% [ 25.8% * * 45.0%[119.3% * * 7.5% [120.0% 37.1% []22.7%
3A148 11 279 22 80 194 38 123 155 34 171 109 32 267 32 13 281 22 9
3K 2506.7 [2343.0 3342.6 (1919.5 * 3319.1 (1749.8 * * 3194.1 [1330.1 * * 2595.0 [1547.8 2580.3 [1160.4 *
a5.5% 33.3% 48.8% [ 28.9% * * F47.2% ) 25.8% * * [745.0% [19.3% * [F37.1% [ 25.0% IF36.7% [ 22.7%
3A148 A 11 279 22 79 195 38 123 155 34 171 109 32 267 32 13 281 22 9
6 Fi9iEmE | 2506.7 [2343.0 3384.9 (1909.6 * * 3319.1 [1749.8 * * 3194.1 [1330.1 * * 2595.0 [1547.8 2580.3 [1160.4 *
iz |45.5% 33.3% 49.4% [ 28.7% * * 47.2% [ 25.8% * * 45.0% []19.3% * x 37.1% [ 25.0% 36.7% [122.7%
3A148 9 283 20 73 200 39 115 161 36 168 113 31 265 33 14 281 22 9
L 2 2516.5 [2367.6 3427.6 (18783 * * 3320.8 (1761.9 * * 3231.6 [1312.0 ** 2601.1 [1500.9 2580.3 [1160.4 *
44.4% [ 33.9% 50.7% [ 28.5% * 47.8% [ 26.1% * * 45.2%[19.5% * * 7.0% [ 124.2% 36.7% []22.7%
3A148 8 288 16 68 208 36 110 166 36 161 122 29 256 40 16 275 26 11
128 2251.8 [2458.5 3499.0 (1959.1  * 3360.1 (1882.5 * * 3209.4 [1339.5 * * 2603.3 [1809.6 2595.2 [1419.6
z[137.5% 34.7% I51.5% [ 29.3% * * F48.29% [ 27.1% * * [745.3% [120.5% * * F37.1%F 27.5% F37.1% [ 23.1%
3A148 7 290 15 62 215 35 99 175 38 152 130 30 249 47 16 268 32 12
158 1212.9 [2474.4 3571.12024.2 * 3479.0 [1929.6 * * 3369.0 14201 * * 2633.7 [1766.4 2617.2 [1537.4
1|l 28.6% [34.8% 51.6% [ 30.2% * * 49.5% [ 28.0% * * 47.4% [120.8% * 7.3% [ 27.7% 37.3% [ 25.0%
3A148 6 291 15 57 221 34, 93 180 39 143 140 29 243 53 16 261 39 12
188 1415.0 [ 2465.9 3694.3 (20183 * 3553.9 [1953.3 * * 3354.2 [1550.2 * * 2581.8 [2102.7 2629.3 [1650.0
33.3% 1 34.7% 54.4% [ 29.9% * * 50.5% [ 28.3% * = 46.9% [ 122.9% * 7.0% [ 30.2% 37.2% [ 28.2%
3A148 5 292 15 541 223 35 91 184 37 138 146 28 238 59 15 259 42 11
218 1041.3 [2468.7 3791.5 12000.2 * * 3513.0 [1969.7 * * 3316.2 [1690.8 * * 2589.0 [2210.9 2649.6 [1532.1 *
z[1120.0% [ 34.9% I5516% [ 29.6% * * [50.5% [ 28.3% * * 47.1% [ 24.0% * * [F37.4% [ 30.5% 37.5% [ 26.2%
3A158 5 294 13 47 232 33 77 197 38 123 159 30 233 64 15 257 44 11
0B 1041.3 [2506.4 4174.411949.7 * * 3999.5 [1871.6 * * 3581.3 [1626.2 * * 2644.5 [2038.1 2670.2 [14625 *
20.0% [ 35.0% 5916% [ 28.9% * * 55/8% [ 26.9% * * 49.6% [123.3% * 8.2% [ 28.1% 37.7% [ 25.0%
3A158 5 294 13 46| 233 33 74 199 39 121 161 30 224 72 16 250 50 12
38 1041.3 [2506.4 4143.7 (19413 * * 4041.1 1869.6 * * 3640.5 [1606.0 * * 2708.2 [1899.0 2706.8 [1412.8 * *
20.0% [ 35.0% 5817% [ 28.8% * 5514% [ 27.1% * = 50.4% [[123.0% * * 8.8% [ 26.4% 38.0% [ 124.0%
3A15H 5 294 13 45 235 32 72 202 38 117 164 31 223 75 14 249 51 12
6K TigmmE | 1041.3 [2506.4 4235.8 119823 * 3986.2 (1841.8 * * 3633.6 (1596.9 * * 2720.3 [1823.0 2717.7 [1385.1 * *
1t [[120.0% [£35.0% [760.0% [ 28.9% * * [55l6% [ 26.7% * * [50.4% [ 123.2% * * [F39.0% [ 25.3% * IF38.2% [ 23.5%
3A158 A 5 295 12 38 243 31 68 206 38 111 167 34 218 82 12 248 53 11
15 FiIIREE| 1041.3 [ 2514.8 4412.7 12011.4 * * 4001.9 [1891.2 * * 3691.8 1642.6 * x 2738.0 1786.4 2728.7 11332.8 * %
1t (120.0% [35.3% 60.5% [ 29.6% * * 5519% [ 27.7% * * 51.4% [24.0% * * 39.4% [24.4% x 38.3% []22.6% *
3A158 4] 297 11 30 256 26, 55 222 35 94 182 36 206 88 18 242 59 11
128 1301.7 [ 2497.8 4467.5 12087.5 * 4118.7 [1976.4 * 3619.6 [1889.7 * * 2785.4 [1804.0 * 2756.0 [1362.6 * *
25.0% [ 35.0% 60.0% [ 30.9% * * 5812% [ 28.8% * = 50.0% [ 27.5% * * 30.8% [ 26.1% * 38.8% []22.0% *
3A158 3 299 10 17. 273 22 40 240 32 76 199 37 198 95 19 235 62 15
158 TigEmE| 0.0 [2498.5 * * 2625.9 (23744 4097.0 (2120.1 * 3862.4 [1963.0 * * 2886.5 [1671.0 * * 2804.4 [1387.9 * *
MRE|  0.0% [35.1% I47.1% I 33.0% [F5715% [ 30.4% * * [753.9% [ 28.1% * * [F40.9% [ 124.2% * * 539.1% [ 22.6% *
3A158 A 3 299 10 13 277 22 30 251 31 65 209 38 189 104 19 230 66 16
185§ TAOEEGE 0.0 [2498.5 x * 1894.2| [2412.4 3209.4 (2351.9 3158.5 2198.6 2875.2 [1636.5 * * 2818.3 [1303.8 * *
=l 0.0% [35.1% 38.5% [ 33.6% 50.0% [ 32.7% 50.8% [ 30.1% * * 41.3% [24.0% * * 39.6% []21.2% *
3A158 A 3 299 10 12 279 21 25 255 32 63 211 38 186 106 20 225 69 18
218§ HERE| 0.0 (24985 x* 1791.2 [2425.5 3078.8 |2369.1 3028.9 [2246.4 2767.2 [1745.3 * 2866.8 [1293.2 * *
MitE| 0.0% [ 35.1% 33.3% [ 34.1% 44.0% [ 33.3% 49.2% [ 30.8% * 40.3% [ 25.5% * 40.0% [121.7% * *
3A168 A 3 299 10 10 281 21 23 257 32 58 214 40 184 108 20 219 72 21
ORf TIEmE| 0.0 [2498.5 * * 2149.5 | 2408.3 3346.5 2350.7 3094.7 [2214.9 2797.3 [1713.0 * 2738.1 (144419 * *
BPE|  0.0% [35.1% [740.0% [ 33.8% Fa7.8% [ 33.1% [150.0% [ 30.4% * * [ 40.8% [ 25.0% * * I 39.3% [ 23.6% *
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2. X

ZEHT

REDSOIEBT A IHEMUEEMIDCs1378MEB R

REEE] HHEE EZ sHEUESRE IEEZ)
adult el A#8 | MR ~5kBq ~10kBq ~20kBq /&t | 20kBg~ * AR 5 % THBESD
[ 212 133 9 33 28 203 9] * % BREKSE 1 %TERESD
BE [REN SO 20km 30km 40km 50km 70km 100km
B BEst BRobE BN Bt BoE (BN Bt BRobE [P E5t iRotE BN BEst BRotE BN B BRobE
3A128 A 181 6 16 188 6 9 191 5 7 194 4 5 197 2 4 198 2 3
[ Ti9iREE|3241.9 | 818.5 * 31932 8185 * 3196.6 | 982.1 3296.6 (1227.7 3272.5 [2455.4 3256.0 [2455.4
2 34.3% [ 16.7% 33.5%[116.7% 33.5% [120.0% 4.5% [ 25.0% 34.5% [150.0% 34.3% [I150.0%
3A128 A 179 7 17 187 7 9 191 5 7 194 4 5 197 2 4 198 2 3
36 F9IEmE | 3278.1 701.5 * % 3210.3 701.5 * 3196.6 982.1 3296.6 11227.7 3272.5 1 2455.4 3256.0 2455.4
g 34.6%[] 14.3% 33.7% [ 14.3% 33.5% [120.0% 4.5% [ 25.0% 4.5% [150.0% 34.3% [150.0%
38128 A 178 8 17 187 7 9 191 5 7 194 4 5 197 2 4 198 2 3
68§ TigiEmE | 3232.1 [2046.1 3210.3 | 7015 * 3196.6 | 982.1 3296.6 [1227.7 3272.5 [2455.4 3256.0 [2455.4
i 34.3% [ 25.0% 33.7% [ 14.3% 33.5% [120.0% 34.5% [ 25.0% 34.5% [150.0% 34.3% [150.0%
3A128 A 147 38 18 179 12 12 189 6 8 194 4 5 197 2 4 198 2 3
L TR 3669.7 [1219.4 * * 3256.8 | 1409.2 * * 32304 8185 * 3296.6 (1227.7 3272.5 [2455.4 3256.0 [2455.4
it (138.1% [] 15.8% * 34.1%[ 8.3% 33.9% [ 16.7% 4.5% [ 25.0% 34.5% [150.0% 34.3% [150.0%
3A128 94 91 18 141 47 15 172 20 11 188 8 7 197 2 4 198 2 3
128§ 4408.4 118269 * * 3780.8 849.0 * * 3380.9 829.2 * * 3370.4 613.8 * * 3272.5 1 2455.4 3256.0 2455.4
45.7% [119.8% * * 39.7% [ 10.6% * * 35.5% [ 10.0% 5.1%[] 12.5% 4.5% [150.0% 34.3% [150.0%
3A128 59 129 15 116 68 19 148 40 15 187 9 7 196 3 4 198 2 3
156 Ti9iEmE| 5177.5 [2077.4 | * * 4078.6 | 976.0 * * 3741.0 | 876.3 * * 3322.2 (19208 3289.2 [1636.9 3256.0 [2455.4
it 152.5% [ 22.5% * * 42.2% [ 13.2% * * 39.2%[| 10.0% 34.8% [122.2% 34.7% [ 33.3% 34.3% [150.0%
3A128 A 28 160 15 78 108 17 112 71 20 184 11 8 196 3 4 197 3 3
185§ TR | 4984.2 [2755.1 4189.9 12088.4 x 4105.9 [1714.3 ** 3324.0 (2447.7 3289.2 [1636.9 3272.5 [1636.9
it |153.6% [ 28.8% x 43.6% [123.1% * 41.1% [119.7% * x 4.8% [ 27.3% 4.7% I 33.3% 34.5% [£33.3%
3A128 A 14 174 15 67 119 17! 82 98 23 158 27 18 188 4 11 196 4 3
218 Ti9iEmE | 6724.7 [2792.8 4136.6 12311.4 * 4329.8 [ 2116.8 * * 3316.2 [2836.3 3161.1 [1227.7 3289.2 [1227.7
iz 157/1% [ 30.5% 41.8% [ 26.1% * 41.5% [ 24.5% * 4.2% [ 29.6% 33.5% [ 25.0% 34.7% [ 25.0%
3A138 A 14 175 14 64 122 17, 76 104 23 154 30 19 186 4 13 196 4 3
(L] TiiEmE | 6724.7 [2854.2 4256.9 (2293.2 * 4609.8 [2039.9 * = 3402.4 [2552.6 3162.9 [1227.7 3289.2 [1227.7
#iE|[5711% [ 30.9% 42.2% [ 26.2% * 43.4% [124.0% * 35.1% [ 26.7% 33.3% [ 25.0% 34.7% [ 25.0%
3A138 A 14 175 14 64 122 17 76 104 23 154 30 19 184 5 14 196 4 3
38 Ti9iREE| 6724.7 [2854.2 4256.9 122932 * 4609.8 12039.9 * x 3402.4 (2552.6 3197.2 [ 982.1 3289.2 [1227.7
iz 5711% [30.9% 42.2% [ 26.2% * 43.4% [124.0% * 5.1% [ 26.7% 33.7% [120.0% 34.7% [ 25.0%
3A138 A 13 176 14 62 122 19 76 104 23 152 31 20 184 5 14 196 4 3
68 Ti9iEmE | 7242.0 [2838.0 4181.1 (2293.2 * 4609.8 12039.9 * 3379.9 [2799.8 3197.2 | 982.1 3289.2 [1227.7
A 161.5% [ 30.7% * 41.9% [ 26.2% * 43.4% [ 124.0% * * 4.9% [ 29.0% 33.7% [120.0% 34.7% [ 25.0%
3A138 KK 6 180 17 55 128 20 72 107 24 149 35 19 182 7 14 195 5 3
EL Ti9iEmE | 6799.9 [3007.3 4125.2 (2438.4 * 4682.3 [1982.7 = 3448.0 (2479.8 32324 [ 7015 ** 3306.1 | 982.1
it |1150.0% [ 31.7% 43.6% [ 26.6% * 44.4% [123.4% * 35.6% [ 25.7% 34.1%[ 14.3% 34.9% [120.0%
3A138 A 4 182 17 43 136 24 61 112 30 139 42 22 181 8 14 192 8 3
128 Ti9iREE(7894.1 [3025.0 4282.5 12651.7 4926.3 1 2136.0 * * 3433.8 (2711.3 3250.2 | 613.8 ** 3357.7 | 613.8 **
12t |150.0% [£31.9% 46.5% [ 27.9% * 47.5% [124.1% * 6.0% [ 26.2% 34.3% [ 12.5% 35.4% [ 12.5%
3A138 A 4 183 16 38 139 26, 51 119 33 128 49 26 175 12 16 191 9 3
158 mEnE | 7894.1 [3008.4 4642.3 (2650.1 * 4327.412559.3 * 3461.9 [2791.8 3230.7 [2319.7 3375.3 | 545.6 **
1 |150.0% 31.7% 50.0% [ 28.1% x* 45.1% [ 26.9% * 6.7% [ 26.5% 4.3% [ 25.0% 35.6%[ 11.1%
38138 PN 4 184 15 38 140 25 48 120 35 119 52 32 168 17 18 187 12 4]
188 FigimmE | 7894.1 [3020.0 46423 (2667.9 * 4436.6 12602.4 * 3359.2 3090.8 3182.7 [2589.3 3324.9 [2319.7
1 |150.0% [£32.1% [50.0% [ 28.6% * [45.8% [ 27.5% * I 36.1% [ 28.8% [ 34.5% [ 23.5% I35.3% F 25.0%
3A138 A 3 185 15 37 141 25 48 121 34 118 53 32 167 17 19 182 15 6
218 TR (##### [3003.7 4767.8 12649.0 * 4436.6 |2623.4 * 3387.7 30325 3201.8 [2589.3 3247.7 12934.5
66.7% [ 31.9% 51.4% [ 28.4% * 45.8% [ 28.1% * 6.4% [ 28.3% 34.7% [ 23.5% 35.2% [ 26.7%
3A148 3 185 15 37 141 25 47 122 34 115 55 33 165 19 19 181 15 7
oRf ##### [3003.7 4767.8 12649.0 * 4531.0 |2601.9 * 3302.5 3285.1 3211.2 [2572.1 3265.7 [2934.5
66.7% [ 31.9% 51.4% [ 28.4% x* 46.8% [ 27.9% * 5.7% [ 30.9% 4.5% [ 26.3% 35.4% [ 26.7%
3A148 3 185 15 37 141 25 47 122 34 115 55 33 164 20 19 180 16 7
3K 1 ##### [3003.7 4767.8 12649.0 * 4531.0 (2601.9 * 3302.5 (3285.1 3138.7 [3198.9 3283.8 [2751.1
1% |166.7% [ 31.9% [F51.4% [ 28.4% * F46.8% [ 27.9% * I 35.7% [ 30.9% [ 34.1% [ 30.0% I 35.6% [ 25.0%
3A148 A 3 185 15 36 141 26 47 122 34 115 55 33 164 20 19 180 16 7
6 TR [##### [3003.7 4900.2 (2649.0 * 4531.0 (2601.9 * 3302.5 3285.1 3138.7 [3198.9 3283.8 [2751.1
12t |1166.7% [ 31.9% 52.8% [ 28.4% * 46.8% [ 27.9% * 5.7% [ 30.9% 34.1% [ 30.0% 35.6% [ 25.0%
3A148 3 185 15 36 141 26 45 123 35 112 57 34 164 20 19 179 17 7
L 2| ##### [3003.7 4900.2 12649.0 * 4732.42580.8 * 3391.0 [3169.8 3138.7 [3198.9 3302.2 [2589.3
66.7% [ 31.9% 52.8% [ 28.4% x* 48.9% [ 27.6% * 6.6% [ 29.8% 4.1% [ 30.0% 35.8% []23.5%
3A148 2 188 13 33 146 24 44 127 32 107 63 33 160 24 19 177 19 7
128 9672.6 [3125.3 4663.9 | 2781.4 4840.0 (2624.7 * 34753 [2993.8 3217.1 [2665.8 3339.5 [2316.7
z[150.0% [ 33.0% I51.5% [ 29.5% * [750.0% [ 28.3% * IF37.4% [ 28.6% [F35.0% [ 25.0% IF36.2% [ 121.1%
3A148 2 189 12 30 147 26 42 130 31 98 72 33 155 29 19 175 21 7
158 9672.6 | 3108.8 4475.5 1 2762.5 4826.0 [2689.2 * 3452.4 (3085.2 3271.0 [2473.0 3377.7 12096.1
12t |150.0% [32.8% 50.0% I 29.3% * 50.0% [ 29.2% * 7.8% [ 29.2% 5.5% [ 124.1% 36.6% [119.0%
3A148 2 190 11 27 150 26, 39 133 31 93 77 33 151 33 19 169 27 7
188 9672.6 |3092.4 4309.4 | 2826.7 4873.7 | 2723.4 * 3502.3 |3048.8 3203.6 [2878.1 3270.5 [3051.3
50.0% [ 32.6% 48.1% [ 30.0% 51.3% [ 29.3% * 8.7% [ 28.6% 5.1% [ 27.3% 36.1% [ 25.9%
3A148 2 190 11 27 154 22 37 137 29 93 78 32 149 35 19 169 27 7
218 &[9672.6 [3092.4 4309.4 | 2935.7 4591.8 | 2887.6 3502.3 3009.7 3161.9 [3074.1 3270.5 [3051.3
= |[1150.0% [ 32.6% [748.1% [ 30.5% [F48.6% [ 30.7% [38.7% I 28.2% [F34.9% I 28.6% I 36.1% [ 25.9%
3A158 2 191 10 25 157 21 36 141 26 90 84 29 146 37 20 166 30 7
[ TR 9672.6 [3102.3 4378.5 12983.2 4719.4 | 2805.7 3619.0 [2834.2 3226.9 [2908.0 3253.6 [3166.8
1t |150.0% [£33.0% 48.0% [ 31.2% 50.0% [ 29.8% * 40.0% [ 27.4% 5.6% [ 27.0% 36.1% [ 26.7%
3A158 A 1 192 10 23 159 21 33 145 25 83 94 26 142 43 18 164 32 7
38 TR [#### # [3086.1 4543.0 | 2977.0 4788.9 | 2874.8 3800.5 |2848.9 3287.9 [2912.4 3293.3 |2968.8
it |100.0% [ 32.8% 47.8% [ 31.4% 48.5% [ 31.0% 41.0% [ 28.7% 5.9% [ 30.2% 36.6% [ 25.0%
3A158 X 1 192 10 22 160 21 31 148 24 80 97 26 135 49 19 159 38 6
6K TR (##### 3086.1 4346.9 13013.7 4812.2 | 2876.4 3943.1 [2760.8 3352.1 [2848.6 3349.3 [2964.3
1t [[100.0% [ 32.8% 45.5% [ 31.9% [F48.4% [ 31.1% [Fa2.5% [ 27.8% [ 36.3% [ 30.6% I 36.5% [ 28.9%
3A158 A 1 192 10 16 166 21 28 150 25 75 102 26 128 56 19 156 39 8
L TioiREE [##### 3086.1 4600.1 13006.5 5144.12838.0 3994.7 | 2780.8 3411.6 [2775.5 3357.0 (2888.3
it [[00.0% I 32.8% 43.8% [ 31.9% 50.0% [ 30.7% 42.7% [ 28.4% 6.7% [ 30.4% 36.5% [ 28.2%
3A158 A 1 192 10 10 173 20 22 156 25 67 108 28 122 62 19 147 46 10
128 e | ##### | 3086.1 6601.3 |2995.0 5779.4 [2837.1 * 4206.1 [2743.4 3579.4 [2506.9 3451.2 [2600.7
1 [[100.0% [ 32.8% 60.0% [ 31.8% 54.5% [ 30.8% * 43.3% [ 28.7% 8.5% I 27.4% 37.4% [ 26.1%
3A158 PN 1 193 9 5 184 14 9 173 21 52 117 34 115 66 22 141 50 12
158 TiEmE #E### [3119.6 8922.7 3090.8 7475.6 (2981.8 4344.4 (28423 3628.2 [2571.7 3527.8 [2487.9
1t [[100.0% [ 33.2% 80.0% | 32.6% [166.7% [ 31.8% [44.2% [ 29.9% [ 38.3% [ 28.8% [F37.6% [ 26.0%
3A158 A 1 193 9 5 184 14 8 175 20 48 121 34 106 72 25 139 52 12
185§ TioiREE [##4## 3119.6 8922.7 13090.8 7334.8 1 3061.1 4201.2 12948.8 3544.6 (2661.1 3490.6 [2627.4
1t [[00.0% I 33.2% 80.0% [ 32.6% 62.5% [ 32.6% 43.8% [ 30.6% 7.7% [ 29.2% 37.4% [ 26.9%
3A158 A 1 193 9 5 184 14 8 175 20 47 123 33 102 76 25 135 55 13
218§ mEnE (##### [3119.6 8922.7 3090.8 7334.8 3061.1 4290.5 [2992.2 3605.9 [2625.4 3535.3 [2628.3
i |100.0% I 33.2% 80.0% [ 32.6% 62.5% [ 32.6% 44.7% [ 30.9% 8.2% [ 28.9% 37.8% [ 27.3%
3A16H KK 1 193 9 4 185 14 7 176 20 47 123 33 100 78 25 134 56 13
ORf TiimEE #E### [3119.6 9859.7 |3102.1 7643.3 3073.1 4290.5 2992.2 3625.1 [2626.0 3561.6 [2581.3
1t [[100.0% I 33.2% 75.0% [ 33.0% 5711% [33.0% [44.7% [ 30.9% [l 38.0% [ 29.5% I 38.1% [ 26.8%
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adult kil A#8 | MR ~5kBq ~10kBq ~20kBq /&t | 20kBg~ * AR 5 % THBESD
[ 282 204 11 39 26 280] 2] * BEKE 1 %TEBERD
BE [REN SO 20km 30km 40km 50km 70km 100km
B BEst BRoME B Bt BRobE  [EPY B5 BRobE [P E5t iRotE BN BEst BRotE BN B BRobE
3A128 K& 248 12 20 265 7 8[| 268 3 9 278 1 1 280 0 280 0
[ TR | 2569.8 | 562.7 * * 2497.0 | 964.6 2469.0 [2250.8 2448.7 [6752.4 2455.3 2455.3
izl 29.0%[  8.3% 27.9% [ 14.3% 7.6% [ 33.3% 27.0% [00.0% 27.1% 27.1%
3A128 A 244 16 20 263 9 8] 267 3 10 277 2 1 280 0 280 0
38 Ti9iEmE | 2570.6 [1052.5 * 2499.9 [1220.7 2478.3 [2250.8 2457.6 [3376.2 2455.3 2455.3
i@zl 28.7% [18.8% 27.8% [122.2% 7.7% [ 33.3% 7.1% [150.0% 27.1% 27.1%
3A128 X&| 239 21 20 261 11 8] 265 5 10 277 2 1 279 0 1 280 0
6 Fi9iEmE | 2570.6 [1414.0 2519.0 | 998.8 2481.0 (2197.3 2457.6 [3376.2 2464.1 2455.3
it |l 28.9% []19.0% 28.0% [118.2% 27.5% [[40.0% 27.1% [150.0% 27.2% 27.1%
3A128 K] 175 92 13 230 42 8[| 253 18 9 269 10 1 278 1 1 279 1
L Fi9iEE| 2760.2 [1808.4 2596.8 (1219.6 * 2531.8 [1550.0 2514.9 [1098.7 2473.0 0.0 2464.1 0.0
bzl 31.4% []19.6% 29.1%[116.7% 28.1% [ 22.2% 27.5% [120.0% 27.3%  0.0% 27.2% _ 0.0%
3A128 92 175 13 184 87 9 230 39 11 260 18 2 273 6 1 277 2 1
128 3190.6 [1858.8 * 2568.4 [1795.0 2663.7 (14307 * 2542.1 [1475.2 2481.4 [1681.2 2481.9 0.0 **
31.5% [23.4% 28.3% [24.1% 8.7% [123.1% 7.7% [122.2% 27.5% []16.7% 27.4%  0.0%
3A128 48 218 14 125 141 14, 198 68 14 253 24 3 270 9 1 274 5 1
158 Fi9iEmE | 3526.2 [1909.6 2510.8 [2020.4 2625.4 2008.2 2552.6 (1737.4 2468.4 [2336.6 2452.3 [3113.3
it |035.4% [ 23.4% 27.2% [ 24.8% 27.8% [ 26.5% 27.7% [ 25.0% 27.0% [ 33.3% 27.0% [£40.0%
3A128 A 13 253 14 85 181 14, 162 98 20 235 a1 4 264 14 2 272 7 1
185§ FIIEE| 6654.9 [1972.5) * 2560.0 | 2004.1 2844.0 [1844.6 2608.4 (1817.8 2508.0 [1813.4 2450.2 [3004.2
it |153.8% [24.1% x 27.1% [ 24.9% 9.6% [ 24.5% 8.1% [ 124.4% 27.3% [ 28.6% 26.8% [42.9%
3A128 A 7 260 13 441 220 16 120 135 25 213 59 8 257 18 5 267 10 3
218§ Ti9iEmE | 5020.7 [2133.9 3232.3 19526 2999.7 [1938.0 2511.6 |2093.9 2460.8 [1410.5 2453.7 [2538.8
gl 28.6% [ 25.4% 31.8% [ 24.1% 8.3% [ 25.9% 6.8% [ 27.1% 26.8% [122.2% 26.6% [ 40.0%
3A138 A 5 262 13 31 234 15 97 155 28 198 72 10 252 22 6 265 11 4
oRf Fi9iEmE | 7029.0 [2117.6 3376.2 [2014.6 3156.3 1888.9 2507.0 [2129.6 2490.9 [1369.1 2472.2 [2308.0
it |0 40.0% [ 25.2% 32.3% [ 24.8% 29.9% [ 24.5% 225.8% [ 29.2% 27.0% [122.7% 26.8% [ 36.4%
3A138 A 5 262 13 31 234 15 95 157 28 195 75 10 251 23 6 264 12 4
38 Ti9iREE(7029.0 [2117.6 3376.2 12014.6 3222.81864.9 * 2518.5 (2114.7 2500.8 [1309.6 2481.6 [2115.7
12tz [140.0% [ 25.2% 32.3% [24.8% 30.5% [24.2% 125.6% [ 29.3% 27.1%[121.7% 26.9% [ 33.3%
3A138 A 4] 262 14 30 235 15 93 159 28 193 77 10 247 27 6 262 14 4
68§ Ti9iEmE | 8786.3 [2117.6 3488.7 [2006.0 3292.1 (1841.4 2544.6 [2059.7 2520.0 [1310.8 * 2480.4 [2189.9
1 [1150.0% [ 25.2% 33.3% [24.7% 1.2% [23.9% 5.9% [ 28.6% 27.1% []22.2% 26.7% [£35.7%
3A138 KK 2 264 14 270 237 16 88 163 29 184 85 11 246 28 6 260 16 4
£ Ti9iEmE | 8730.2 [2168.6 3221.4 (1989.1 3278.2 [1796.2 * 2524.2 [1971.4 2530.2 [1264.0 * 2499.5 [1916.2
it |1150.0% [ 25.4% 33.3% [ 24.5% 31.8% [123.3% 26.1% [ 27.1% 27.2%[]21.4% 26.9% [ 31.3%
3A138 K] 2 264 14 20 242 18, 81 168 31 177 90 13 238 35 7 254 21 5
128 Fi9iEE | 8730.2 [2168.6 3189.5 2043.8 3358.11806.8 * 2532.4 [1981.4 2480.6 [1927.0 2508.6 [2064.2
12t |[150.0% [ 25.4% 30.0% [ 25.2% 32.1% [23.8% 125.4% [ 27.8% 26.5% [ 28.6% 26.8% [ 33.3%
3A138 A 2 266 12 16| 246 18 69 178 33 167 101 12 230 43 7 247 26 7
158 mEnE [ 8730.2 [2175.1 3986.9 (2010.5 3601.1 [1705.3 * 2606.5 1947.9 2523.1 [1802.4 2521.6 [2218.4
12 [1150.0% [ 25.6% 37.5% [24.8% 33.3% [122.5% 5.7% [ 27.7% 26.5% [ 27.9% 26.7% [£34.6%
3A138 e 2 267 11 15 248 17, 67 180 33 162 103 15 228 a5 7 242 31 7
188 Ti9iEmE | 8730.2 [2240.8 3848.1 2098.3 3414.2 (18316 * 2539.9 [2101.6 2545.3 [1722.3 2548.4 [2058.2
1% |[150.0% [ 25.8% I33.3% [ 25.4% F32.8% [123.3% [ 25.3% [ 28.2% I 26.8% [ 26.7% I 26.9% [ 32.3%
3A138 K] 2 267 11 15 248 17, 67 180 33 157 108 15 226 47 7 240 33 7
218 Fi9iEmE| 8730.2 [2240.8 3848.1 (2098.3 3414.2 1831.6 * 2527.4 (2140.2 2415.6 [2380.9 2426.3 [2975.8
50.0% [ 25.8% 33.3% [ 25.4% 32.8% [123.3% 125.5% [ 27.8% 26.1% [ 29.8% 26.3% [ 36.4%
3A148 1 268 11 15 248 17 67 180 33 157 108 15 226 47 7 240 33 7
oRf #a#e# 22325 3848.1 2098.3 3414.2 [1831.6 * 2527.4 [2140.2 2415.6 [2380.9 2426.3 [2975.8
12 [[100.0% [ 25.7% 33.3% [ 25.4% 32.8% [123.3% 5.5% [ 27.8% 26.1% [ 29.8% 26.3% 1 36.4%
3A148 KK 1 268 11 14 249 17 66 181 33 156 109 15 225 a8 7 240 33 7
3K T # £ # 22325 4122.9 1 2089.9 3465.9 18214 * 2543.6 (21205 2426.3 [2331.3 2426.3 [2975.8
1t [[100:0% [ 25.7% I35.7% [ 25.3% 33.3% [123.2% [ 25.6% [ 27.5% I 26.2% [ 29.2% I 26.3% I 36.4%
3A148 R 1 268 11 13 250 17, 64 183 33 153 112 15 224 49 7 239 34 7
6 TR ##### (22325 3202.5 (2145.9 3223.4 (1924.2 2488.3 [2207.4 2437.2 [2283.7 2436.5 [ 2888.3
iz [[100.0% [ 25.7% 30.8% [ 25.6% 31.3% [ 24.0% 125.5% [ 27.7% 26.3% [ 28.6% 26.4% [£35.3%
3A148 A 1 268 11 13 250 17 60 185 35 151 114 15 218 54 8 236 37 7
L TR (##### [2232.5 3202.5 [2145.9 3220.4 [1974.1 24223 [2299.8 2361.9 [2349.0 2467.5 [ 2654.1
12 [[00.0% [ 25.7% 30.8% [ 25.6% 0.0% [124.9% 5.2% [ 28.1% 26.1% [ 27.8% 26.7% [ 32.4%
3A148 K2 1 269 10 13 251 16 59 190 31 144 120 16 212 59 9 231 a1 8
128 TIEmE # £ # [2224.2 3202.5 (21374 3275.0 (1922.1 2465.5 (22743 2368.6 [2366.1 2386.5 [2759.6
1t [[100.0% [ 25.7% Il 30.8% [ 25.5% [ 30.5% [ 24.2% [F25.0% [ 28.3% [ 25.9% [ 28.8% I 26.4% [ 31.7%
3A148 K] 1 269 10 11 252 17, 54 195 31 136 130 14 206 66 8 226 45 9
158 TR (##### [2224.2 3784.7 (21289 3469.9 11902.9 2610.5 [2218.2 2437.5 [2115.1 2408.3 [2670.0
it [[00.0% [ 25.7% 36.4% [ 25.4% 31.5% [ 24.1% 6.5% [ 26.9% 26.7% [ 25.8% 26.5% [£31.1%
3A148 1 269 10 11 254 15 51 199 30 135 131 14 200 73 7 217 54 9
188 W | ## A 2224.2 3784.7 [2190.7 3556.1 1894.8 2629.8 |2201.2 2510.7 [2123.9 2508.2 [2225.0
12 [[00.0% [ 25.7% 36.4% [ 25.6% 1.4% [ 24.1% 6.7% [ 26.7% 27.5% [ 24.7% 27.6% [ 25.9%
3A148 KX 1 269 10 9 256 15 48 203 29 131 136 13 196 77 7 214 57 9
218 T # e # [2224.2 4625.8 |2173.6 3546.9 (1912.2 2625.3 [2202.0 2540.3 [2068.6 2543.4 [2107.9
1t [100.0% [ 25.7% T44.4% [ 25.4% F31.3% [ R24.1% [ 26.7% [ 26.5% I 27.6% [ 124.7% I 28.0% [ 124.6%
3A158 R 1 269 10 9. 257 14, 46 206 28 128 140 12 193 80 7 212 59 9
[ TR (##### [2224.2 4625.8 | 2165.2 3523.0 (1924.1 2622.8 [2197.6 2550.1 [2062.6 2567.4 [2036.4
i [[100.0% [ 25.7% 44.4% [ 25.3% 0.4% [ 24.3% 6.6% [ 26.4% 27.5% [ 25.0% 28.3% [123.7%
3A158 A 1 269 10 8 258 14 44 209 27 125 142 13 191 82 7 210 61 9
38 TAEEE [# 4 # [2224.2 5204.0 [2156.8 3367.3 (1963.0 2643.8 |2166.7 2533.9 [2112.2 2564.6 [2063.6
i |[00.0% [ 25.7% 50.0% [ 25.2% 9.5% [ 24.4% 6.4% [ 26.1% 27.2% [ 25.6% 28.1% [ 24.6%
3A158 X 1 269 10 7. 259 14, 42 211 27 122 145 13 189 83 8 207 63 10
6K TG #E A [2224.2 4236.8 12194.7 3242.5 2001.2 2496.7 [2300.3 2459.4 [2254.2 2536.8 [2128.1
1t [[100.0% [ 25.7% 42.9% [ 25.5% [ 28.6% [ 24.6% [ 25.4% [ 26.9% [ 26.5% [ 26.5% I 27.5% [ 25.4%
3A158 K] 1 269 10 7. 259 14, 40 214 26 119 148 13 189 83 8 206 64 10
oB% TioiREE (## 44 # [2224.2 4236.8 12194.7 3404.6 (1973.1 2559.7 | 2253.6 2459.4 [2254.2 24817 [2312.0
it [[100.0% [ 25.7% 42.9% [ 25.5% 0.0% [ 24.3% 6.1% [ 26.4% 26.5% [ 26.5% 27.2% [ 26.6%
3A158 A 1 269 10 6 261 13 33 219 28 104 162 14 178 94 8 204 66 10
128 W | #d##a#2224.2 3928.1 [2201.2 3167.1 [2047.0 2783.7 [2152.1 2611.4 [1990.4 2506.0 [2242.0
i |100.0% [ 25.7% 33.3% [ 25.7% 7.3% [124.7% 7.9% [ 25.3% 28.1% [123.4% 27.5% [ 25.8%
3A158 KX 1 269 10 3 264 13 30 221 29 94 171 15 164 106 10 195 72 13
158 TR #E A # [2224.2 7856.2 (2176.2 3483.8 2028.5 2711.7 [2191.1 2667.2 [1966.3 2590.4 [2055.1
1t [[100.0% [ 25.7% 766.7% [ 25.4% I 30.0% [ 24.4% F27.7% F25.1% I 28.7% [ 22.6% I 28.2% [ 23.6%
3A158 A 1 269 10 3 264 13 30 221 29 90 174 16 160 110 10 190 77 13
185§ TioiREE (##4## 2224.2 7856.2 | 2176.2 3483.8 | 2028.5 2832.3 [2153.3 2695.9 [1950.0 2593.8 [2081.6
i [00.0% I 25.7% 66.7% [ 25.4% 0.0% [ 24.4% 8.9% [ 124.7% 28.8% [22.7% 28.4% []23.4%
3A158 1 269 10 3 264 13 30 221 29 90 174 16 155 114 11 185 82 13
218§ ERER (##### [2224.2 7856.2 |2176.2 3483.8 2028.5 2832.3 (21533 2605.5 [1947.6 2631.1 [2028.7
[100.0% [ 25.7% 66.7% [ 25.4% 0.0% [ 24.4% 8.9% [ 124.7% 28.4% [122.8% 28.6% []23.2%
3A16H 1 269 10 3 264 13 29 222 29 88 176 16 155 114 11 183 84 13
ORf TR #E A [2224.2 7856.2 (2176.2 3603.9 2019.4 2847.1 [2153.6 2605.5 [1947.6 2618.7 [2070.0
1t [[100.0% [ 25.7% 766.7% [ 25.4% I 31.0% [ 24.3% [ 28.4% [ 25.0% I 28.4% [ 22.8% I 28.4% [ 123.8%
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REDSOIEBT A IHEMUEEMIDCs1378MEB R

B FEET HHEE EZ sHEUESRE IEEZ)
adult kil A#8 | MR ~5kBq ~10kBq ~20kBq /&t | 20kBg~ * AR 5 % THBESD
[ 338 259 2 57 18 336/ 2| * % BREKSE 1 %TERESD
BE [REN SO 20km 30km 40km 50km 70km 100km
B BEst BRobE B Bt BRobE  [ER B5 Ery E5t iRotE BN BEst BRotE BN B BRobE
3A128 &[T 292 24 20 307 18 11 313 11 12 321 9 6 325 6 5 328 4 4
[ Ti9iEmE| 1927.5 [2132.4 1933.9 [1914.3 1896.8 [1514.4 1947.8 | 694.4 1923.8 [1041.7 1939.8 [1562.5
bz (122.9% [ 25.0% 23.1% [122.2% 22.7% [118.2% 23.1%[] 11.1% 22.8%[116.7% 22.9% [ 25.0%
3A128 B[ 292 24 20 307 18 11 313 11 12 321 9 6 324 7 5 327 4 5
38 TigEmE| 1927.5 [2132.4 1933.9 [1914.3 1896.8 [1514.4 1947.8 | 694.4 1929.8 | 892.9 1945.8 [ 1562.5
1ibE122.9% [ 125.0% 23.1% []22.2% 22.7% [118.2% 23.1%[] 11.1% 22.8% [ 14.3% 22.9% [ 25.0%
3A128 X[ 291 26 19 307 18 11 313 11 12 321 9 6 324 7 5 327 4 5
6 Ti9iEmE | 1934.1 [1968.4 1933.9/[1914.3 1896.8 [1514.4 1947.8 | 694.4 1929.8 | 892.9 1945.8 [ 1562.5
1 [123.0% [23.1% 23.1% []22.2% [22.7% [ 18.2% 23.1%[] 11.1% 22.8% [ 14.3% 22.9% [ 25.0%
3A128 A& 230 88 18 291 33 12 305 18 13 316 14 6 324 7 5 327 4 5
L Fi9iEEE | 1850.9 [1939.1 1910.1 [1998.4 1843.3 [2674.9 1902.3 [2169.1 1929.8 | 892.9 1945.8 [1562.5
bz 21.7% [22.7% 23.0% []21.2% 22.3% [ 27.8% 22.8% [121.4% 22.8%[] 14.3% 22.9% [ 25.0%
3A128 128 191 17 249 74 13 285 33 18 307 19 10 322 8 6 327 4 5
128 2282.9 [1627.8 1987.3 [1587.2 1842.6 [2193.8 1958.1 [1598.3 1941.7 | 781.2 1945.8 [ 1562.5
25.8% [119.9% 23.3% [118.9% 22.1% [ 24.2% 23.5% [] 15.8% 23.0%[] 12.5% 22.9% [ 25.0%
3A128 59 255 22 208 113 15 245 63 28 301 25 10 319 11 6 324 7 5
158 Fi9iEmE | 2855.1 [1653.0 2079.2 [1591.5 2054.9 1288.2 1916.5 [2184.6 1927.4 [1514.4 1931.6/(2379.8
it 33.9% [19.6% * 24.0% [119.5% [24.5% [ 14.3% 22.9% [ 24.0% 22.9% [18.2% 22.8% [ 28.6%
3A128 A 26| 282 28 168 150 18] 210 95 31 278 a4 14 318 12 6 322 9 5
185§ TR | 2946.5 [1792.7 2170.3 [1613.6 2056.1 1480.9 2003.5 [1693.5 1933.4 [1388.2 1943.6 [ 1851.0
iz (138.5% []20.6% 25.0% [119.3% 23.8% [117.9% 23.7% []20.5% 23.0% [116.7% 23.0% [22.2%
3A128 A 141 298 24 129 186 21 174 125 37 249 67 20 305 22 9 320 11 5
218 Ti9iEmE | 2587.1 [1814.5 2256.7 [1620.2 2031.7 [1638.0 21212 [1190.5 * 1977.6 | 757.2 * 1955.8 [1514.4
g |35.7% []21.1% 25.6% [119.4% 24.1% [118.4% 24.5% [] 14.9% 23.3%[ 9.1% 23.1%[118.2%
3A138 A 12 300 24 119 194 23 155 141 40 228 82 26 299 27 10 316 14 6
oRf Ti9iEmE | 1645.8 [1823.8 2257.4 (1669.3 2080.0 [1636.6 2137.7 (1083.4 * 2017.3 | 617.0 * 1980.5 [1189.9
|l 25.0% [121.3% 26.1% [119.6% [24.5% [ 18.4% 25.0%[] 13.4% * 23.7%[  7.4% 23.4%[ 14.3%
3A138 A 12 300 24 118 195 23 153 143 40 226 84 26 298 28 10 313 16 7
38 Ti9iEE| 1645.8 [1823.8 2222.2 11693.5 2046.6 | 1678.5 2156.6 (1057.6 * * 2024.1 | 595.0 * 1999.5 11041.2
iz [25.0% []21.3% 225.4% [120.0% 24.2% [118.9% 25.2%[] 13.1% * 23.8%[ 7.1% 23.6% [ 12.5%
3A138 A 11 301 24 113 200 23 150 145 41 221 88 27 298 28 10 311 18 7
68§ Ti9iEmE | 1795.4 [1817.7 2138.3 [1754.2 2001.5 [1744.3 2114.8 [1114.8 * 2024.1 | 595.0 * 2012.4 | 9255
gl 27.3% [121.3% 24.8% [120.5% 24.0% [119.3% 24.9%[] 13.6% * 23.8%[ 7.1% 23.8%[ 11.1%
3A138 KK 9 302 25 100 212 24 138 157 a1 208 96 32 292 34 10 310 19 7
£ TiiEmE | 1434.4 [1811.7 2297.4 [1685.2 2026.3 [1742.2 2142.4 [1179.9 * 2044.0 | 676.1 * 2018.9 | 876.8
it |[122.2% [121.2% 26.0% [119.8% [24.6% [119.1% 25.0% [ 14.6% 24.0% | 8.8% 23.9%[ 10.5%
3A138 K] 8 302 26 90 221 25 122 172 42 192 111 33 277 46 13 304 25 7
128 Ti9iEmE| 1613.7 [1811.7 2465.6 1652.1 2194.9 (1657.2 2234.7 [1169.5 * 2154.7 | 1499.7 * 2037.9 | 919.4
iz 25.0% []21.2% 27.8% [119.5% 6.2% [118.6% 26.0% [] 14.4% * 25.3%[ 6.5% 24.0% [ 12.0%
3A138 A 6 304 26 86 226 24, 114 184 38 183 122 31 272 51 13 293 34 9
158 mEnER | 1288.8 [1822.3 2500.8 [1674.0 2224.2 [1661.8 22742 [1169.8 * * 2170.7 | 5763 * 2114.4 | 676.1 **
#bE| 16.7% [121.4% 27.9% [119.9% 6.3% [119.0% 6.8% [] 13.9% * 25.4%[ 7.8% 24.9%[ 8.8%
3A138 e 41 309 23 84 228 24 112 186 38 173 132 31 266 56 14 290 37 9
188 T3] 1933.2 [1842.1 2560.3 1659.4 2202.8 1680.7 2329.2 [1181.3 ** 2186.5 | 524.8 * 2114.2 | 794.4 * *
#iE [ 25.0% [21.7% I 28.6% [119.7% F25.9%[119.4% F27.2%[] 14.4% * F25.6%) 7.1% I 24.8%[ 10.8%
3A138 K] 4 309 23 83 229 24, 111 187 38 172 133 31 258 61 17 284 40 12
218 Fi9iEEE| 1933.2 [1842.1 2469.9 1696.1 2222.7 [1671.7 2342.7 [1172.5 ** 2207.7 | 593.9 * 2140.6 | 734.8 * *
25.0% [121.7% 27.7% [120.1% 6.1% [119.3% 27.3% [ 14.3% * * 25.6%[ 8.2% x 25.0% [ 10.0%
3A148 41 309 23 83 229 24, 111 187 38 172 133 31 258 61 17 281 43 12
oRf 1933.2 [ 1842.1 2469.9 1696.1 22227 16717 23427 [1172.5 ** 2207.7 | 593.9 * 2163.5 | 683.5 **
25.0% []21.7% 27.7% [120.1% 6.1% [119.3% 7.3% [] 14.3% * 25.6%[ 8.2% x 25.3%[ 9.3%
3A148 41 309 23 83 229 24 111 187 38 172 133 31 258 61 17 281 43 12
3K 1933.2 [1842.1 2469.9 11696.1 2222.7 [1671.7 2342.7 (11725 ** 2207.7 | 593.9 * 2163.5 | 683.5 * *
I 25.0% []21.7% I 27.7% [120.1% F26.19%[119.3% F27.3%[] 14.3% * F25.6%[ 8.2% x F25.3%[ 9.3%
3A148 R 4 309 23 82 230 24, 110 188 38 172 133 31 258 61 17 280 a4 12
6 Fi9iEEE| 1933.2 [1842.1 2500.0 [1688.7 2242.9 1662.8 2342.7 [1172.5 ** 2207.7 | 593.9 * 2171.2 | 668.0 * *
iz [25.0% [121.7% 28.0% [120.0% 6.4% [119.1% 27.3% [ 14.3% * * 25.6% [ 8.2% x 25.4%[ 9.1%
3A148 41 309 23 75 236 25 106 192 38 168 135 33 256 64 16 280 44 12
L 1933.2 [ 1842.1 2650.3 [1645.7 2327.5 [1628.2 2313.1 [1261.3 * 2185.4 | 7246 * 2171.2 | 668.0 **
25.0% [21.7% 29.3% [119.5% 7.4% [18.8% 7.4% [ 14.8% * 25.4%[ 9.4% * 25.4%[ 9.1%
3A148 4] 310 22 69 243 24, 94 200 a2 156 145 35 248 71 17 276 48 12
128 1933.2 [ 1836.2 2567.4 1687.3 2469.9 1604.6 2362.9 [1241.9 ** 2179.8 | 918.9 * 2169.8 | 801.4 * *
I 25.0% []21.6% I 27.5% [120.2% I 28.7% [ 18.5% IF27.6%[] 14.5% * [ 25.4%[] 11.3% * I 25.4%[ 10.4% *
3A148 3 312 21 62 250 24, 85 210 a1 150 150 36 238 79 19 269 55 12
158 2577.6 [1824.4 2520.3 (1767.7 2329.1 (17435 2283.7 (13304 * 2172.7 [1007.4 * 2152.2 [1061.9 *
2 33.3% []21.5% 27.4% [120.8% 7.1% [120.0% 6.7% [] 15.3% * 25.2%[] 11.4% * 25.3% [ 12.7%
3A148 3 312 21 59 253 24, 82 216 38 146 155 35 233 82 21 259 61 16
188 2577.6 [1824.4 2648.5 [1746.8 2414.3 (17334 2290.6 [1411.0 * 2191.1 [1050.8 * 2134.5 [1300.4
33.3% []21.5% 28.8% [120.6% 8.0% [119.9% 6.7% [] 16.1% * 25.3%[] 12.2% * 25.1%[] 14.8%
3A148 3 312 21 57 255 24, 81 218 37 144 160 32 231 86 19 258 61 17
218 &(12577.6 [1824.4 2741.4 (17331 2444.1 [1717.5 2322.4 (1366.9 * 2174.8 [1096.4 * 2100.0 [1300.4
#iE[33.3% []21.5% I 29.8% [120.4% I 28.4%[119.7% F27.1%[] 15.6% * [ 25.1% [ 12.8% * I 24.8% [ 14.8%
3A158 2 314 20 53 259 24, 76 223 37 137 167 32 227 89 20 253 64 19
[ 3866.4 [1812.8 2767.0 (17434 2478.5 [1722.1 24410 (1309.6 * 2172.4 [1059.5 * 2104.9 [1239.5
50.0% [21.3% 30.2% [120.5% 8.9% [119.7% 8.5% [ 15.0% * * 25.1%[] 12.4% * 24.9%[ 14.1%
3A158 2 314 20 491 262 25 72 226 38 132 171 33 224 92 20 250 66 20
38 3866.4 [1812.8 2801.7 [1759.2 2616.2 1699.2 25335 [1279.0 * * 2201.4 [1024.9 * 2130.2 [1201.9 *
50.0% []21.3% 30.6% [120.6% 0.6% [119.5% 9.5% [] 14.6% * * 25.4%[] 12.0% * 25.2%[] 13.6%
3A158 2 314 20 49 262 25 68 230 38 124 176 36 220 96 20 248 68 20
6K TiimmE | 3866.4 [1812.8 2801.7 [1759.2 2358.9 (1791.3 24714 (1353.0 * 2241.5 | 9822 * 2147.4 [1166.6 *
12 [150.0% []21.3% I 30.6% [120.6% I 27.9%[120.4% [F 29.0% [ 15.3% * * [ 25.9%[] 11.5% * I 25.4%[ 13.2%
3A158 K] 2 316 18 48] 263 25 67 232 37 121 180 35 208 106 22 245 71 20
L Fi9iEAE | 3866.4 [1801.3 27413 [1774.2 2309.0 | 1800.4 2452.3 [1405.4 * 2281.4 | 984.5 * 2132.6 [1259.0
i |150.0% []21.2% 29.2% [120.9% 6.9% [120.7% 8.9% [116.1% * 26.4%[] 11.3% x 25.3%[] 14.1%
3A158 2 317 17 40 276 20 57 245 34 107 195 34 198 115 23 235 78 23
128 23866.4 [1795.6 3088.9 (1719.7 2421.4 (17504 2597.9 [1393.5 * 2292.9 [1001.5 * 2187.0 [1146.0 *
50.0% [121.1% 32.5% [120.3% 6.3% [120.4% 9.9% []16.4% * * 26.3%[] 12.2% * 26.0% [ 12.8% *
3A158 2 318 16 37 281 18 46 259 31 89 211 36 187 126 23 222 89 25
158 Ti9immE | 3866.4 [1790.0 3339.3 (1689.1 2825.8 [1686.8 2821.7 [1388.9 * * 2359.2 [1015.8 * 2209.0 [1159.7 *
1 |[150.0% []21.1% IF35.1% [119.9% F30.4%[119.7% I 31.5%[]16.6% * * F26.7% [ 12.7% * I 26.1%[] 13.5% *
3A158 A 1 319 16 36 285 15 45 261 30 87 214 35 178 132 26 212 99 25
185§ TiEEEl 0.0 [1808.6 3432.1 (17208 2888.6 | 1673.9 2886.5 [1369.5 * * 2396.7 [1029.0 * 2221.0 [1172.2 *
RHE| 0.0% []21.3% 36.1% [120.4% 1.1% [119.5% 2.2% [116.4% * * 27.0% [ 12.9% x 25.9%[] 14.1% x
3A158 A 1 319 16 35 285 16 44 263 29 82 217 37 175 134 27 205 104 27
218§ mEE| 0.0 [1808.6 3347.7 (17208 2954.3 [1700.5 2936.4 [1398.2 * * 2437.8 [1013.7 * 2271.9 [1165.0 * *
Mg 0.0%[121.3% 34.3% [120.4% 31.8%[19.8% 2.9% []16.6% * * 27.4%[ 12.7% * 26.3% [ 14.4% *
3A168 A 0 320 16 341 286 16 42 264 30 80 218 38 171 138 27 202 107 27
ORf TAEE 1803.0 3446.1 (1714.8 2942.9 11694.1 2890.0 (14357 * 2356.2 [1156.0 * 2271.8 [1196.2 * *
AR F21.3% I35.3% []20.3% I 31.0%[119.7% I 32.5%[]17.0% * * I 26.3%[] 14.5% * I 26.2% [ 15.0% *
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ZEHT

REDSOIEBT A IHEMUEEMIDCs1378MEB R

HREEET HHEE EZ sHEUESRE IEEZ)
adult el A#8 | MR ~5kBq ~10Bkq ~20kBq /it | 20kBg~ * AR 5 % THBESD
[ 127] 100 9 17 1 127] o] * BEKE 1 %TEBERD
BE [REN SO 20km 30km 40km 50km 70km 100km
B BEst BRobE BN Bt BRobE  [EPY B5 BRobE [P E5t iRotE BN BEst BRotE BN B BRobE
3A128 A 96 10 21 109 6 12 113 2 12 123 2 2 124 2 1 125 1 1
[ TigiEmE( 1218.9 0.0 *x* 1408.7 0.0 ** 1358.8 0.0 ** 1296.1 0.0 ** 1285.7 0.0 *x* 1275.4 0.0
ik 121.9%  0.0% 23.9%  0.0% 23.0%  0.0% 22.0%  0.0% 21.8%  0.0% 21.6%  0.0%
3A128 A 96 10 21 109 6 12 112 3 12 122 3 2 124 2 1 125 1 1
36 EA9IEEE| 1218.9 0.0 *x* 1408.7 0.0 *x* 1370.9 0.0 ** 1306.8 0.0 *x* 1285.7 0.0 *x* 1275.4 0.0
i 121.9%  0.0% 23.9%  0.0% 23.2%  0.0% 22.1%  0.0% 21.8%  0.0% 21.6% _ 0.0%
38128 A 92 14 21 108 7 12 112 3 12 122 3 2 124 2 1 125 1 1
68§ TigEmE | 1271.9 [ 421.0 1421.7 0.0 *x* 1370.9 0.0 ** 1306.8 0.0 ** 1285.7 0.0 ** 1275.4 0.0
R 22.8%[ 7.1% 24.1% 0.0% 123.2% 0.0% 22.1% 0.0% 21.8% 0.0% 21.6% 0.0%
3A128 A 40 71 16 96 14 17 109 6 12 121 4 2 124 2 1 125 1 1
o8 Ti9iREE| 1403.1 | 755.7 1379.7 | 969.7 1354.6 | 982.4 1268.9 [1473.6 1285.7 0.0 *x* 1275.4 0.0
bz 25.0% [ 14.1% 22.9% [ 14.3% 22.9% [ 16.7% 21.5% [ 25.0% 21.8%  0.0% 21.6%  0.0%
3A128 11 106 10 32 76 19 87 23 17 117 7 3 122 4 1 125 1 1
128§ 1761.4 954.0 559.1 884.9 1255.2 11519.8 1267.7 1 1586.1 1215.8 [2775.7 1275.4 0.0
36.4% []17.0% 28.1% [] 15.8% 21.8% [126.1% 21.4% [ 28.6% 20.5% [150.0% 21.6%  0.0%
3A128 6 109 12 13 94 20 57 46 24 115 9 3 119 7 1 122 4 1
158 Ti9iEmE | 1295.6 | 989.4 1793.7 | 946.3 1012.8 [1311.6 1289.8 [1233.6 1246.4 [1586.1 1215.8 [2775.7
it 33.3%[]17.4% 38.5% [] 16.0% [21.1% [21.7% 21.7% [122.2% 21.0% [ 28.6% |20.5% [£50.0%
3A128 A 4 111 12 11 96 20 46 58 23 107 13 7 116 10 1 121 5 1
185§ TioiEmE(1943.4 | 971.6 1508.5 | 996.6 1108.9 [1156.2 1252.3 | 854.0 1278.6 [1110.3 1225.8 [2220.5
2= |150.0% []17.1% 36.4% [116.7% 23.9% [119.0% 22.4% [] 15.4% 21.6% [120.0% 20.7% [ 40.0%
3A128 A 3 112 12 8 98 21 43 60 24 104 15 8 114 12 1 118 8 1
218 EA9IEEE| 2591.3 962.9 1478.3 11024.9 1075.4 11197.1 1288.5 740.2 1301.1 925.2 1257.0 11387.8
i 1166.7% [ 17.0% 37.5%[117.3% 23.3% [120.0% 23.1%[] 13.3% 21.9%[116.7% 21.2% [ 25.0%
3A138 A 2 112 13 8 98 21 41 61 25 101 17 9 113 13 1 117 9 1
oRf Ti9iEmE | 1956.0 | 962.9 1478.3 [1024.9 1127.8 [1177.5 1260.2 | 653.1 1312.6 | 854.0 1267.7 [1233.6
it |1150.0% []17.0% 37.5% [117.3% [24.4% [119.7% 22.8%[] 11.8% 22.1% [ 15.4% 21.4% [22.2%
3A138 A 1 113 13 6 100 21 41 61 25 101 17 9 112 14 1 116 10 1
kL T9IREE(3912.0 | 954.4 1971.0 /1004.4 1127.8 [1177.5 1260.2 | 653.1 1324.3 | 793.0 1278.6 [1110.3
it [00.0% [ 16.8% 50.0% [117.0% 24.4% [119.7% 22.8%[] 11.8% 22.3%[] 14.3% 21.6% [120.0%
3A138 A 1 113 13 6 100 21 40 62 25 100 18 9 111 15 1 116 10 1
68F EA9IEEE| 3912.0 954.4 1971.0 1 1004.4 1156.0 [1158.5 1272.8 616.8 1336.2 740.2 1278.6 11110.3
A2t [00.0% [| 16.8% 50.0% [117.0% 5.0% [19.4% 23.0%[] 11.1% 22.5%[] 13.3% 21.6% [120.0%
38138 A 1 113 13 5 102 20 38 64 25 98 21 8 109 17 1 114 12 1
£ Ti9iEmE|3912.0 | 954.4 1554.8 [1024.5 1110.2 [1185.6 1298.7 | 528.7 1360.8 | 653.1 1301.1 | 925.2
it |J00.0% [ | 16.8% 40.0% [117.6% [23.7% [120.3% 23.5%[ 9.5% 22.9%[] 11.8% 21.9%[]16.7%
3A138 A 1 114 12 5 103 19 33 70 24 94 25 8 107 19 1 112 13 2
128 Ti9iREE(3912.0 | 997.6 1554.8 [1071.6 1278.4 [1084.0 1354.0 | 444.1 * 1386.2 | 584.3 1324.3 | 854.0
40.0% [118.4% 7.3% [118.6% 24.5%[ 8.0% 23.4%[] 10.5% 22.3%[]15.4%
3A138 12 4 103 20 32 73 22 87 31 9 103 23 1 109 17 1
158§ 1943.4 11071.6 1318.4 1 1039.4 1403.5 358.1 * % 1440.0 482.7 * 1360.8 653.1
50.0% []18.4% 8.1% [117.8% 5.3%] 6.5% 24.3%[ 8.7% 22.9%[ 11.8%
38138 11 2 105 20 28 76 23 85 31 11 98 27 2 103 23 1
188 1956.0 [1088.0 1368.8 [1049.2 14366 | 358.1 * * 15135 | 411.2 % 1440.0 | 482.7 *
I150.0% [119.0% I 28.6%[ 18.4% I 25.9%] 6.5% F25.5%] 7.4% I 24.3%[ 8.7%
3A138 11 2 106 19 28 77 22 83 33 11 97 28 2 101 24 2
218 1956.0 [1077.7 1368.8 [1035.6 147112 | 336.4 * 1529.1 |1396.5 1468.5 | 462.6 *
50.0% [118.9% 8.6% [ 18.2% 26.5%[ 6.1% 25.8%[ 7.1% 24.8%[ 8.3%
3A148 11 2 106 19 28 77 22 83 33 11 97 28 2 100 25 2
0FF 1956.0 1 1077.7 1368.8 1 1035.6 1471.2 336.4 * x 1529.1 396.5 * * 1483.2 444.1 *
50.0% [118.9% 8.6% [ 18.2% 6.5% | 6.1% 25.8%[ 7.1% 25.0%[ 8.0%
3A148 1 115 11 2 106 19 28 77 22 83 33 11 97 28 2 100 25 2
3K Ti9EmE|3912.0 [1022.6 1956.0 [1077.7 1368.8 [1035.6 14712 [1336.4 ** 1529.1 [ 1396.5 ** 14832 | 1444.1 *
1t [[100.0% [ 18.3% I750.0% [118.9% [l 28.6%[18.2% F26.5%] 6.1% F25.8%] 7.1% I 25.0%[ 8.0%
3A148 A 1 115 11 2 106 19 28 77 22 83 33 11 97 28 2 100 25 2
6 Ti9iREE(3912.0 [1022.6 1956.0 [1077.7 1368.8 [1035.6 14712 [1336.4 ** 1529.1 |1396.5 1483.2 | 1444.1 *
i [[00.0% [ 18.3% 50.0% [118.9% 8.6% [ 18.2% 26.5% [ 6.1% 25.8%[ 7.1% 25.0%[ 8.0%
3A148 A 1 117 9 2 107 18 25 79 23 80 36 11 97 28 2 100 25 2
oB% SEA9iEEE| 3912.0 | 1005.1 1956.0 1 1067.7 1283.0 11009.4 1526.4 308.4 * x 1529.1 396.5 * * 1483.2 444.1 *
12 [[00.0% [ 17.9% 50.0% [118.7% 8.0% [ 17.7% 7.5%| 5.6% 25.8%[ 7.1% 25.0%[ 8.0%
3A148 A 1 118 8 2 108 17 22 85 20 71 41 15 90 34 3 100 25 2
128 Ti9imEE | 3912.0 [1076.1 1956.0 [1057.8 1236.3 | 938.1 1651.1 | 270.8 * * 1593.8 | 326.5 ** 14832 | 1444.1 *
1t [[100.0% [ 18.6% I150.0% [18.5% F27.3%[ 16.5% F29.6%| 4.9% F26.7%] 5.9% I 25.0%] 8.0%
3A148 A 1 119 7 2 110 15 22 86 19 67 45 15 89 34 4 94 30 3
158 Fi9iEE | 3912.0 [1067.0 1956.0/1038.5 1236.3 | 927.2 1749.7 | 246.7 * * 1611.7 | 326.5 ** 1526.0 | 370.1 * %
i [[00.0% [] 18.5% 50.0% [118.2% 7.3% [116.3% 1.3%| 4.4% 27.0%[ 5.9% 25.5%[ 6.7%
3A148 1 119 7 2 110 15 20 89 18 63 48 16 88 34 5 93 30 4
188§ . 1067.0 1956.0 11038.5 1359.9 896.0 1860.8 231.3 * % 1630.1 326.5 ** 1542.4 370.1 **
[00.0%|[ | 18.5% 50.0% [118.2% 0.0% [] 15.7% 3.3%|  4.2% 27.3%] 5.9% 25.8%] 6.7%
3A148 1 119 7 1 112 14 19 91 17 61 50 16 83 39 5 89 34 4
218 Ti9immE|3912.0 [1067.0 3912.0 1020.0 1431/5 | 876.3 1921.8 || 222.1 ** 1728.2 | 284.7 % 1611.7 | 326.5 **
1t [[100.0% [ ] 18.5% 00.0%|[17.9% F31.6%[ 15.4% F34.4%| 4.0% I 28.9%| 5.1% I 27.0%] 5.9%
3A158 A 1 119 7 1 113 13 15 96 16 56 56 15 78 44 5 88 35 4
[ Ti9iREE(3912.0 [1067.0 3912.0 (1011.0 1813.2 | 830.6 2093.4 | 1983 ** 1839.0 | 252.3 *x 1630.1 | 317.2 %
it [[00.0% [] 18.5% 00.0%]|[117.7% 40.0%[] 14.6% * 7.5%| 3.6% 30.8%| 4.5% 27.3%| 5.7%
3A158 A 1 120 6 115 11 15 98 14 52 60 15 75 47 5 85 38 4]
36 Ei9iEEE| 3912.0 | 1058.2 993.4 1813.2 813.7 2254.4 185.0 * * 1912.6 236.2 * % 1687.6 292.2 * %
i |100.0% ] 18.3% 00.0%|[]17.4% 40.0%[] 14.3% * 40.4%| 3.3% 32.0%| 4.3% 28.2%| 5.3%
3A158 KK 1 120 6 116 10 14 100 13 51 61 15 75 47 5 83 40 4
6K TigimmE|13912.0 [1058.2 3912.0 | 984.8 1942.7 | 797.4 22986 | 182.0 * * 1912.6 [ 236.2 * 1728.2 | 277.6 **
1t [[100.0% [ ] 18.3% 00.0%|[]17.2% F42.9%[ 14.0% * Fat.2%| 3.3% 32.0%| 4.3% I 28.9%| 5.0%
3A158 A 1 120 6 116 10 13 100 14 47 64 16 71 48 8 82 41 4
L Ti9iREE(3912.0 [1058.2 984.8 1691.5 | 797.4 24943 | 173.5 ** 1818.6 || 231.3 ** 1749.3 | 270.8 *
it [00.0% [ 18.3% 00.0%]|[]17.2% 38.5% [ 14.0% 44.7%| 3.1% 32.4%|  4.2% 29.3%|  4.9%
3A158 1 120 6 117 9 10 102 15 41 70 16 67 50 10 78 42 7
128% £(3912.0 1058.2 976.4 1237.6 835.2 2577.3 323.7 * % 1927.2 2221 * % 1655.4 264.3 * *
% |100.0% ] 18.3% 00.0%|[]17.1% 0.0% [ 14.7% 46.3%| 5.7% 34.3%|  4.0% 29.5%| 4.8%
3A158 PN 1 120 6 118 8 9 106 12 35 75 17 58 57 12 74 44 9
158 TigimmE|3912.0 [1058.2 3912.0 | 996.6 1375.1 | 865.9 2900.1 | 302.2 ** 1955.1 [ 1397.6 ** 1744.9 | 252.3 %
1t [[100.0% [ ] 18.3% 00.0%|[17.8% F33.3%[15.1% [F51.4%| 5.3% F34.5%] 7.0% 31.1%] 4.5%
3A158 A 1 120 6 118 8 8 107 12 32 79 16 51 63 13 66 51 10
185§ Ti9iEEE(13912.0 [1058.2 996.6 1127.8 | 889.2 2620.9 | 510.1 ** 1877.6 | 586.4 1781.2 | 1444.4 *
i [[00.0% [ 18.3% 00.0%][117.8% 5.0% [ 15.9% 46.9% [ 8.9% * * 33.3% [ 9.5% xx 31.8%[ 7.8%
3A158 1 120 6 118 8 8 107 12 32 79 16 49 65 13 61 56 10
218 1058.2 996.6 1127.8 889.2 2620.9 510.1 ** 1954.3 568.4 * % 1801.3 541.9 * *
[100.0%[] 18.3% 00.0%|[]17.8% 5.0% [ 15.9% 46.9% [ 8.9% * 34.7%[ 9.2% *x 32.8% [ 8.9% *x
3A16H 1 120 6 118 8 8 107 12 32 79 16 49 65 13 61 56 10
ORf 996.6 1127.8 | 889.2 2620.9 | 510.1 * * 1954.3 | 568.4 * 1801.3 | 541.9 **
[F100.0%[ ] 18.3% 00.0%|[]17.8% I 25.0%[ 15.9% [F46.9%[ 8.9% x* F34.7%[ 9.2% x * I 32.8%[ 8.9%
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6. JiBFHT

REDSOIEBT A IHEMUEEMIDCs1378MEB R

TEEFE] HHEE EZ sHEUESRE IEEZ)
adult el A#8 | MR ~5kBq ~10Bkq ~20kBq /it | 20kBg~ * AR 5 % THBESD
[ 84| 53 4 21 5 83| 1| * % BEKE 1 %TEEERD
BE [REN SO 20km 30km 40km 50km 70km 100km
B BEst BRobE B Bt BRobE  [EPY B5 Ery E5t iRotE BN BEst BRotE BN B BRobE
3A128 A 0 77 6 66 1 16 69 1 13 78 0 5 82 0 83 0
[ TR 2948.2 2842.6 (7299.3 2719.0 (7299.3 2857.3 2806.9 2926.1
it F36.4% 34.8% [i00.0% 33.3% [00.0% 5.9% 35.4% 36.1%
3A128 A 0 77 6 66 1 16 69 1 13 78 0 5 82 0 83 0
38§ TiERE 2948.2 2842.6 (7299.3 2719.0 [7299.3 2857.3 2806.9 2926.1
R F36.4% 34.8% [Hi00.0% 33.3% [Hi00.0% 5.9% 5.4% 36.1%
3A128 KX 0 77 6 66 1 16 69 1 13 78 0 5 82 0 83 0
6 TIEmE 2948.2 2842.6 (7299.3 2719.0 [7299.3 2857.3 2806.9 2926.1
AR F36.4% 34.8% [100.0% 33.3% [H00.0% 35.9% 35.4% 36.1%
3A128 A 0 78 5 62 7 14 69 2 12 78 0 5 82 0 83 0
L TIIERE 2910.4 2738.2 (4960.4 2719.0 [3649.6 2857.3 2806.9 2926.1
AR 135.9% 33.9% W5711% 33.3% [150.0% 5.9% 35.4% 36.1%
3A128 0 81 2 55 14 14 63 8 12 75 3 5 81 1 82 1
128 2888.3 3086.7 2939.6 2797.2 (4337.8 2843.8 [3194.4 2841.5 0.0 2961.8 0.0
AR I 35.8% 38.2% [135.7% 34.9% [150.0% 6.0% [ 33.3% 5.8%  0.0% 36.6%  0.0%
3A128 A 0 81 2 35 34 14 50 14 19 72 4 7 81 1 82 1
158 TIEmE 2888.3 2500.2 [3496.7 2903.3 [3367.5 2962.3 [2395.8 2841.5 0.0 2961.8 0.0
IRBE [ 35.8% 31.4% F41.2% 34.0% [[42.9% 37.5% [ 25.0% 35.8%  0.0% 36.6%  0.0%
3A128 A 0 82 1 19 51 13 29 31 23 68 6 9 77 3 82 1
185§ TioiRmE 2961.8 3414.3 (29294 3097.7 (2881.8 3136.5 [1597.2 2989.2 0.0 *x* 2961.8 0.0
AR 36.6% 42.1% [135.3% 37.9% [32.3% 39.7% [116.7% 7.7%  0.0% 36.6%  0.0%
3A128 A 0 83 9 57 17 20 34 29 61 13 9 74 5 79 3
218 TERE 2926.1 4132.1 13052.0 3107.5 (27722 3252.1 [1198.0 2989.9 0.0 ** 3074.3 0.0 *x*
AR £36.1% 44.4% [ 36.8% 35.0% [ 32.4% 41.0% [ 15.4% 7.8%  0.0% 38.0%  0.0%
3A138 A 0 83 7 58 18] 17 36 30 59 13 11 74 5 77 5
(L] TIEmE 2926.1 1683.8 [2999.4 3098.0 [2618.1 3362.4 (1198.0 * 2989.9 0.0 ** 3154.1 0.0 **
IRBE F36.1% 28.6% [ 36.2% 35.3% [ 30.6% 42.4% [ 15.4% 37.8% _ 0.0% 39.0%  0.0%
3A138 A 0 83 7 58 18 17 36 30 59 13 11 74 5 77 5
38 TiiRmE 2926.1 1683.8 (2999.4 3098.0 (2618.1 3362.4 (1198.0 * 2989.9 0.0 *x* 3154.1 0.0 *x*
ARHE F36.1% 28.6% [136.2% 35.3% [ 30.6% 42.4% [ 15.4% 7.8%  0.0% 39.0%  0.0%
3A138 A 0 83 6 59 18 15 37 31 58 14 11 74 5 77 5
68% FIEmE 2926.1 778.6 13069.1 * 2449.9 | 2547.4 3420.4 (1112.4 * 2989.9 0.0 *x* 3154.1 0.0 **
AR F36.1% 16.7% [137.3% 33.3% [ 29.7% 43.1%[] 14.3% 7.8%  0.0% 39.0%  0.0%
3A138 KK 0 83 3 62 18 13 40 30 55 17 11 72 7 76 6
EL TIEmE 2926.1 1557.2 [2920.6 2279.5 (2534.2 3606.9 | 916.1 ** 3073.0 0.0 ** 3195.6 0.0 **
IRBE F36.1% 33.3% [F35.5% 30.8% [ 30.0% 45.5%[] 11.8% 38.9%  0.0% 39.5%  0.0%
3A138 A 0 83 3 62 18 8 42 33 52 21 10 70 9 75 7
1265 FiIRHE| 2926.1 1557.2 12920.6 2609.7 12413.5 3815.0 741.6 * x 3160.8 0.0 *x 3238.2 0.0 *x*
ARHE F36.1% 33.3% [£35.5% 37.5% [ 28.6% 48.1% [ 9.5% 40.0%  0.0% 40.0%  0.0%
3A138 A 0 83 3 63 17 7 45 31 52 21 10 68 10 74 8
158 2926.1 1557.2 [2874.3 2982.6 [2252.6 3815.0 | 741.6 ** 3253.7 0.0 ** 3282.0 0.0 **
136.1% 33.3% [134.9% 42.9% [ 26.7% 48.1% [ 9.5% 41.2%  0.0% 40.5%  0.0%
3A138 0 83 2 64 17 7 48 28 48 25 10 66 12 73 8
188 2926.1 0.0 129023 ** 2982.6 |2268.2 3976.6 | 923.1 ** 3238.7 | 6253 ** 3326.9 0.0 **
F36.1% 0.0% I 35.9% Fa2.9%F 27.1% 50.0% [| 12.0% [F40.9% [ 8.3% [F41.1%  0.0%
3A138 0 83 2 64 17 7 48 28 48 25 10 66 12 71 10
218 2926.1 0.0 [2902.3 * * 2982.6 |2268.2 3976.6 | 923.1 ** 3238.7 | 6253 * 3315.0 [ 750.3 *
F36.1% 0.0% 735.9% 42.9% [ 27.1% 50.0% || 12.0% 40.9%[ 8.3% 40.8% [ 10.0%
3A148 0 83 2 64 17 7 48 28 46 27 10 65 13 70 11
oRf 2926.1 0.0 [2902.3 * * 2982.6 |2268.2 3994.8 [1118.2 * * 3288.5 | 577.2 % 3362.3 | 682.1 **
F36.1% 0.0% [£35.9% 42.9% [ 27.1% 50.0% [ 14.8% a.5%[ 7.7% 41.4%[ 9.1%
3A148 0 83 2 64 17! 7 48 28 46 27 10 65 13 70 11
3K 2926.1 0.0 129023 ** 2982.6 |2268.2 3994.8 (11182 * * 3288.5 | 577.2 ** 3362.3 | 682.1 * *
ARHE F36.1% 0.0% [£35.9% F42.9% [ 27.1% [50.0% [] 14.8% Fal.snl 7.7% T a1.4%[ 9.1%
3A148 A 0 83 2 64 17 7 48 28 46 27 10 65 13 70 11
6 TioiRmE 2926.1 0.0 [2902.3 * * 2982.6 |2268.2 3994.8 (11182 * * 3288.5 [ 577.2 % 3362.3 | 682.1 **
B F36.1% 0.0% 735.9% 42.9% [ 27.1% 50.0% [] 14.8% 41.5% 7.7% 41.4%[ 9.1%
3A148 0 83 2 64 17 7 48 28 46 27 10 65 13 70 11
8§ 2926.1 0.0 [2902.3 ** 2982.6 |2268.2 3994.8 [1118.2 * * 3288.5 | 577.2 % * 3362.3 | 682.1 * *
F36.1% 0.0% [£35.9% 42.9% [ 27.1% 50.0% [ 14.8% a.5%[ 7.7% 41.4%[ 9.1%
3A148 0 83 1 66 16 6 50 27 44 28 11 64 14 69 12
128 2926.1 0.0 [2902.8 3479.7 [2294.1 4064.7 [1078.3 * * 3339.9 | 5359 3411.1 | 625.3 * *
F36.1% 0.0% I 36.4% [150.0% [ 28.0% 50.0% [] 14.3% Fap.2%] 7.1% [T 42.0%] 8.3%
3A148 0 83 1 68 14 6 52 25 41 31 11 63 15 68 13
158 2926.1 0.0 [2919.1 3479.7 (23388 41935 [1196.9 * * 3392.9 | 500.2 ** 3461.2 | 577.2 % *
F36.1% 0.0% I'36.8% 50.0% [ 28.8% 51.2%[116.1% * 42.9%[ 6.7% 42.6%[ 7.7%
3A148 0 83 0 70 13 5 56 22 39 32 12 63 15 68 13
188§ 2926.1 2835.7 4175.6 2328.1 4408.6 11159.5 * * 3392.9 500.2 * * 3461.2 577.2 * %
F36.1% F35.7% 60.0% [ 28.6% 53.8% [] 15.6% * * 42.9%| 6.7% 42.6%[ 7.7%
3A148 0 83 0 70 13 5 56 22 37 34 12 63 16 68 14
218 2926.1 2835.7 4175.6 1 2328.1 4410.2 [1348.8 * * 3392.9 | 1469.0 * * 3461.2 | 5359
F36.1% F35.7% [760.0% [ 28.6% 54.1% [117.6% * * [Fa2.9% | 6.3% Fa2.6%[ 7.1%
3A158 0 83 0 71 12 5 56 22 36 34 13 62 16 68 14
[ TS 2926.1 2873.6 4175.6 |1 2328.1 4532.7 (1348.8 * * 3447.6 | 1469.0 * * 3461.2 | 5359 **
ARHE F36.1% I 36.6% 60.0% [ 28.6% 55,6% [117.6% * * 43.5%[ 6.3% 42.6%[ 7.1%
3A158 A 0 83 0 71 12 5 56 22 36 34 13 62 16 67 14
38§ TiIRmE 2926.1 2873.6 4175.6 | 2328.1 4532.7 [1348.8 * * 3447.6 | 1469.0 * * 3512.9 | 535.9 **
AR F36.1% I36.6% 60.0% [ 28.6% 55.6% [17.6% * * 43.5%] 6.3% 43.3%] 7.1%
3A158 KK 0 83 0 71 12 4 57 22 35 35 13 62 16 67 14
6K TR 2926.1 2873.6 2372.3 [2487.1 4336.8 [1635.7 * * 3447.6 | 1469.0 * * 3512.9 | 5359 **
ARHER F36.1% I'36.6% [750.0% [ 29.8% [754.39% [120.0% * * [Fa3.5%] 6.3% Fa3.3%] 7.1%
3A158 A 0 83 0 71 12 4 57 22 33 37 13 60 17 67 14
L TS 2926.1 2873.6 2372.3 (2487.1 4599.7 [1547.3 * * 3372.7 | 4414 * % 3512.9 | 5359 **
B F36.1% I 36.6% 50.0% [ 29.8% 5716% [118.9% * * 43.3%[ 5.9% 43.3%[ 7.1%
3A158 0 83 0 71 12 1 61 21 28 43 12 56 20 64 17
128% 2926.1 2873.6 0.0 12570.2 4769.7 [1755.5 * * 3613.6 375.2 x % 3677.5 441.4 * %
F36.1% [ 36.6% 0.0% [ 32.8% 5711% [[123.3% * x 46.4%| 5.0% 45.3%[ 5.9%
3A158 0 83 0 71 12 1 61 21 23 48 12 46 29 60 19
158 TR 2926.1 2873.6 0.0 [2570.2 4891.6 [2011.1 * 3687.5 [1218.1 * * 3922.7 | 13949 **
ARHE F36.1% I'36.6% 0.0% [ 32.8% [56!5% [ 27.1% * F45.7% [ 17.2% * 48.3%| 5.3%
3A158 A 0 83 0 71 12 1 61 21 23 49 11 41 34 53 25
188 TIIERE 2926.1 2873.6 0.0 [2570.2 4891.6 [2119.0 * 3623.9 (1657.9 * 3998.0 [1042.2 * *
ARHE F36.1% I 36.6% 0.0% [ 32.8% 56/5% [ 28.6% * 43.9% [23.5% 47.2%[] 16.0%
3A158 A 0 83 0 71 12 1 61 21 22 50 11 41 34 50 27
218 B 2926.1 2873.6 0.0 [2570.2 5113.9 [2076.6 * 3623.9 [1657.9 * 3998.3 [1204.0 * *
RE F36.1% [ 36.6% 0.0% [ 32.8% 59/1% [ 28.0% * 43.9% [123.5% 46.0%[]18.5% *
3A16H KK 0 83 0 71 12 1 61 21 22 50 11 39 36 48 29
ORf TAEE 2926.1 2873.6 0.0 [2570.2 5113.9 [2076.6 * 3627.3 [1763.5 4016.6 |1366.3 *
AR F36.1% I36.6% 0.0% [ 32.8% [F5911% [ 28.0% * [ 43.6% [ 25.0% I 45.8% [120.7% *
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7. BREERS

REDSOIEBT A IHEMUEEMIDCs1378MEB R

SREEH S EZ SrEISE IBED
adult P A#h | #RE,  ~5kBq ~10Bkq ~20kBq /\Et | 20kBq~ * BRUKE 5 %TEBESD
[ 47| 9 16 17 47 46| 1] * % BEUKE 1 %TEBESHD
EE [RFNSOIERE| 20km 30km 40km 50km 100km
By s mobE (B B BobE |EA ES  BobE |ER B BobE
3A128 A 0 45 1 1] 37 8 31 1 14 42 0
ok TioiRmE 5059.4 4107.1 15051.5 5761.5 2727.3 5340.0
ARHE 180.0% 00.0%|[181.1% 87.1% [100.0%
3A128 &K 0 45 1 1/ 37 8 31 1 14 0
36 IEmE 5059.4 4107.1 ' 5051.5 B761.5 |IR727.3
g 180.0% 00.0%| I181.1% 87.1% [100.0%
3A128 X 0 25 1 1] 37 8 31 1 14 0
2] T 5059.4 4107.1 [5051.5 5761.5 | 2727.3
iR 80.0% 0.0%|181.1% 87.1% [100.0%
3A128 A 0 45 1 1 39 6 30 1 15 0
ok TS 5059.4 4107.1 14993.9 5692.9 | 2727.3
R 180.0% 00.0%|I79.5% 86.7% [00.0%
3A128 K&K 0 45 1 1 39 6 28 1 17 0
1285 TEmE 5059.4 4107.1 [4993.9 5915.0 |2727.3
e W80.0% 00.0%|Wi79.5% 89.3% [00.0%
3A128 X 0 25 1 1 39 6 27 1 18] 0
1585 TigiEmE 5059.4 4107.1 14993.9 6134.0 | 2727.3
iR 80.0% 0.0% [179.5% 92.6% [1100.0%
3A128 AE 0 45 1 1 39 6] 27 1 18| 0
1855 TioiRmE 5059.4 4107.1 14993.9 6134.0 12727.3
b 180.0% 00.0%|I79.5% 92.6% [[100.0%
3A128 K&K 0 45 1 1 39 6 27 1 18] 0
218 AR 5059.4 4107.1 [4993.9 6134.0 2727.3
e W80.0% 00.0%|Wi79.5% 92.6% [00.0%
3A138 KK 0 45 1 1 39 6 26 1 19] 0
oky T 5059.4 4107.1 14993.9 6111.2 27273
R 80.0% 0.0% [179.5% 92.3% [100.0%
3A138 A 0 45 1 1 39 6 26 1 19| 0
kL TiiRmE 5059.4 4107.114993.9 6111.2 127273
e W80.0% 00.0%|I79.5% 92.3% [[100.0%
3A138 K&K 0 45 1 1 39 6 26 1 19] 0
685 TETE 5059.4 4107.1 [4993.9 6111.2 [2727.3
e W80.0% 00.0%| W79.5% 92.3% [H00.0%
3A138 RE| 0 45 1 1 39 6 25 1 20| 0
oky T 5059.4 4107.1 14993.9 5891.4 | 2727.3
R 80.0% 0.0% [179.5% 92.0% [100.0%
3A138 A 0 45 1 1 39 6 25 1 20| 0
128§ TioiRmE 5059.4 4107.114993.9 5891.4 2727.3
R 1180.0% 90.0%|I179.5% 92.0% [100.0%
3A138 K&K 0 45 1 1 39 6 24 1 21| 0
1585 TERE 5059.4 4107.1 [4993.9 5944.8 |2727.3
i W80.0% 00.0%|Ii79.5% 91.7% [H00.0%
3A138 R 0 25 1 1 39 6 24 1 21| 0
1885 TigimE 5059.4 4107.1 14993.9 5944.8 1 2727.3
R 180.0% 00.0%|[179.5% 91.7% [100.0%
3A138 A 0 45 1 1 39 6 24 1 21| 0
218 TiiRmE 5059.4 4107.1 14993.9 5944.8 12727.3
e 180.0% 00.0%|I79.5% 91.7% [00.0%
3A148 0 45 1 1 39 6 23 1 22| 0
0FF 5059.4 4107.1 4993.9 5851.2 |IR727.3
80.0% 20.0% I179.5% 91.3% [400.0%
3A148 0 a5 1 1 39 6 23 1 22| 0
38§ 5059.4 4107.1 14993.9 5851.2 | 2727.3
1180.0% 00.0%|[179.5% 91.3% [100.0%
3A148 0 45 1 1 39 6 23 1 22| 0
685 5059.4 4107.114993.9 5851.2 1 2727.3
1180.0% 00.0%|I79.5% 91.3% [100.0%
3A148 0 45 1 1 39 6 22 1 23| 0
153 5059.4 4107.1 4993.9 B117.1 |ER927.3
80.0% 20.0% I79.5% [100.0%
3A148 0 a5 1 1 39 6 21 1 24] 0
128§ 5059.4 4107.1 14993.9 6246.8 | 2727.3
1780.0% 00.0% I179.5% 95.2% [H00.0%
3A148 0 45 1 1 40 5 21 1 24| 0
1585 TioiRmE 5059.4 4107.1 14869.0 6246.8 12727.3
S 180.0% 00.0%|W77.5% 95.2% [[00.0%
3A148 0 45 1 1 a1 4 21 1 24] 0
188§ 5059.4 4107.1 4811.3 6246.8 1 2727.3
80.0% 20.0% I178.0% [100.0%
3A148 0 a5 1 1 a1 4 21 1 24] 0
218 5059.4 4107.1 14811.3 6246.8 | 2727.3
1180.0% 00.0%| [178.0% 95.2% [00.0%
3A158 0 46 1 42 3 21 1 24| 0
ok 5048.4 4107.114805.1 6246.8 12727.3
1180.4% 00.0%| 178 6% 95.2% [[00.0%
3A158 0 46 1 42 3 21 1 24] 0
35§ 5048.4 4107.1 [4805.1 6246.8 | 2727.3
80.4% 95.2% [00.0%
3A158 0 26 3 21 1 24] 0
685 5048.4 4107.1 14805.1 6246.8 | 2727.3
W80.4% 00.0%| [178.6% 95.2% [00.0%
3A158 0 46 1 42 3 19 2 25 0
oB% 5048.4 4107.114805.1 6631.8 (2613.6 * *
1180.4% 00.0%|178.6% 54.7% [100.0%
3A158 0 46 1 42 3 19 2 25| 1
128§ 5048.4 4107.1 [4805.1 6631.8 12613.6 * *
W80.4% 20.0% I78.6% [100.0%
3A158 0 26 1 22 3 19 2 25| 34 1
158 5048.4 4107.114805.1 6631.8 12613.6 * * 5414.3 [2500.0
W80.4% 00.0%| [178.6% 94.7% [00.0%
3A158 0 46 1 42 3 17 4 25 1
1855 5048.4 4107.114805.1 6661.0 |3762.2 5414.3 [2500.0
1180.4% 00.0%|178.6% 54.1% [175.0% [85.3% [100.0%
3A158 0 46 1 42 3 16 5 25| 3
218 5048.4 4107.1 4805.1 6553.7 1 4685.4 5324.4 3626.1
W80.4% 20.0% I178.6% [780.0% 784 8% [166.7%
3A16H 0 26 1 a2 3 16 5 25| 33 3
(1] 5048.4 4107.1 14805.1 6553.7 | 4685.4 5324.4 (3626.1
180.4% 00.0%| [178.6% 53.8% [180.0%
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8. JII{RHT

REDSOIEBT A IHEMUEEMIDCs1378MEB R

JIHRET HHEE EZ sHEUESRE IEEZ)
adult el A#8 | MR ~5kBq ~10Bkq ~20kBq /it | 20kBg~ * AR 5 % THBESD
[ 64] 34 9 1 64| o] * % BEKE 1 %TEEERD
BE [REN SO 20km 30km 40km 50km 70km 100km
B BEst BRobE |ER Bt BRobE  [EPY B5 BRobE [Py E5t iRotE BN BEst BRotE BN B BRobE
3A128 A 0 64 0 62 31 7 26 48 1 15 62 0 63 0
[ TioiRmE 2477.8 2436.1 3730.3 | 764.1 ** 2590.1 0.0 2428.2 2457.2
ARHE 1146.9% F45.2% 61.3% [ 28.6% 45.8%  0.0% 45.2% 46.0%
3A128 A 0 64 0 62 31 7 26 48 1 15 62 0 63 0
36 IEmE 2477.8 2436.1 3730.3 764.1 * * 2590.1 0.0 2428.2 2457.2
AR 146.9% F45.2% 61.3% [ 28.6% 45.8%  0.0% 45.2% 46.0%
3A128 KX 0 64 0 62 31 7 26 48 1 15 62 0 63 0
68§ TR 2477.8 2436.1 37303 | 764.1 ** 2590.1 0.0 2428.2 2457.2
IRBE 146.9% Fa5.2% 61.3% [ 28.6% 45.8%  0.0% 45.2% 46.0%
3A128 A 0 64 0 62 27 7 30 47 1 16 62 0 63 0
L TS 2477.8 2436.1 3593.5 | 764.1 ** 2645.2 0.0 2428.2 2457.2
AR 1146.9% Fa5.2% 5913% [ 28.6% 46.8%  0.0% 45.2% 46.0%
3A128 0 64 0 62 27 7 30 46 1 17 62 0 63 0
128§ 2477.8 2436.1 3593.5 764.1 * * 2486.0 0.0 2428.2 2457.2
146.9% F45.2% 5913% [ 28.6% 45.7%  0.0% 45.2% 46.0%
3A128 0 64 0 63 24 8 32 6 1 17 62 0 63 0
158 TIEmE 2477.8 2454.2 3162.4 [1652.9 2486.0 0.0 2428.2 2457.2
IRBE 46.9% 46.0% 54.2% [ 37.5% 45.7%  0.0% 45.2% 46.0%
3A128 A 0 64 0 63 24 8 32 44 1 19 62 0 63 0
185§ TioiRmE 2477.8 2454.2 3162.4 [1652.9 2297.8 0.0 2428.2 2457.2
AR 1146.9% 146.0% 54.2% [137.5% 43.2% _ 0.0% 45.2% 46.0%
3A128 A 0 64 0 63 21 10 33 43 1 20 62 0 63 0
218 TERE 2477.8 2454.2 3429.0 13223 2260.8 0.0 2428.2 2457.2
AR 146.9% 146.0% 5711% [ 30.0% 41.9%  0.0% 45.2% 46.0%
3A138 A 0 64 0 63 21 10 33 42 2 20 62 0 63 0
(L] TIEmE 2477.8 2454.2 3429.0 13223 2314.7 0.0 ** 2428.2 2457.2
IRBE 146.9% 46.0% 5711% [ 30.0% 42.9%  0.0% 45.2% 46.0%
3A138 A 0 64 0 63 21 10 33 42 2 20 62 0 63 0
38 TiiRmE 2477.8 2454.2 3429.0 [1322.3 2314.7 0.0 *x* 2428.2 2457.2
ARHE 1146.9% 146.0% 5711% [ 30.0% 42.9%  0.0% 45.2% 46.0%
3A138 A 0 64 0 63 20 10 34 42 2 20 62 0 63 0
68§ TA9IRmE 2477.8 2454.2 3402.0 (13223 2314.7 0.0 *x 2428.2 2457.2
AR 146.9% 146.0% 55,0% [ 30.0% 42.9%  0.0% 45.2% 46.0%
3A138 KK 0 64 0 63 19 10 35 42 2 20 62 0 63 0
EL TIEmE 2477.8 2454.2 3581.1 (13223 2314.7 0.0 ** 2428.2 2457.2
IRBE 46.9% 46.0% 5719% [ 30.0% 42.9%  0.0% 45.2% 46.0%
3A138 A 0 64 0 63 18 10 36 41 2 21 62 0 63 0
128 TioiRmE 2477.8 2454.2 3537.5 11322.3 2371.1 0.0 *x* 2428.2 2457.2
ARHE 1146.9% 146.0% 5516% [ 30.0% 43.9%  0.0% 45.2% 46.0%
3A138 A 0 64 0 63 18 10 36 41 2 21 62 0 63 0
158§ 2477.8 2454.2 §537.5 |l322.3 B871.1 0.0 *x* 2428.2 2457.2
146.9% 146.0% 556% [ 30.0% 43.9%  0.0% 45.2% 46.0%
3A138 0 64 0 63 18 10 36 39 3 22 62 0 63 0
188 2477.8 2454.2 3537.5 (13223 2344.1 0.0 ** 2428.2 2457.2
F46.9% F46.0% F55.6% I 30.0% [F43.6%  0.0% I 45.2% I 46.0%
3A138 0 64 0 63 18 10 36 39 3 22 62 0 63 0
218 2477.8 2454.2 3537.5 (13223 2344.1 0.0 ** 2428.2 2457.2
146.9% 146.0% 5516% [ 30.0% 43.6%  0.0% 45.2% 46.0%
3A148 0 64 0 63 18 10 36 39 3 22 62 0 63 0
0FF 2477.8 2454.2 §537.5 |l322.3 2344.1 0.0 *x* 2428.2 2457.2
146.9% 146.0% 556% [ 30.0% 43.6%  0.0% 45.2% 46.0%
3A148 0 64 0 63 18 10 36 39 3 22 62 0 63 0
3K 2477.8 2454.2 3537.5 (13223 2344.1 0.0 ** 2428.2 2457.2
F46.9% F46.0% [F55.6% I 30.0% [F43.6%  0.0% I 45.2% I 46.0%
3A148 0 64 0 63 18 10 36 39 3 22 62 0 63 0
6 2477.8 2454.2 3537.5 (13223 2344.1 0.0 ** 2428.2 2457.2
146.9% 1146.0% 5516% [ 30.0% 43.6%  0.0% 45.2% 46.0%
3A148 0 64 0 63 17 10 37 39 3 22 62 0 63 0
153 2477.8 2454.2 3745.6 113223 2344.1 0.0 *x* 2428.2 2457.2
146.9% 436.0% 5818% [ 30.0% 43.6%  0.0% 45.2% 46.0%
3A148 0 64 0 63 15 11 38 38 3 23 62 0 63 0
128 2477.8 2454.2 3180.0 [2329.6 23306 0.0 ** 2428.2 2457.2
F46.9% F46.0% [F53.3% [ 36.4% F42.1%  0.0% I 45.2% I46.0%
3A148 0 64 0 63 13 12 39 35 4 25 62 0 63 0
158 2477.8 2454.2 2936.7 (21355 1801.9 [3100.8 2428.2 2457.2
146.9% 146.0% 53.8% [ 33.3% 7.1% [ 25.0% 45.2% 46.0%
3A148 0 64 0 63 13 12 39 34 4 26 62 0 63 0
188 2477.8 2454.2 2936.7 [2135.5 1854.9 [3100.8 2428.2 2457.2
146.9% 436.0% 53.8% [ 33.3% 8.2% [ 25.0% 45.2% 46.0%
3A148 0 64 0 63 13 12 39 34 4 26 62 0 63 0
218 2477.8 2454.2 2936.7 [2135.5 1854.9 [3100.8 2428.2 2457.2
F46.9% F46.0% [F53.8% [ 33.3% IF38.2% [ 25.0% I 45.2% I 46.0%
3A158 0 64 0 63 12 12 40 33 4 27 62 0 63 0
[ TIIERE 2477.8 2454.2 2791.2 (21355 1769.2 [3100.8 2428.2 2457.2
ARHE 1146.9% 146.0% 50.0% [ 33.3% 6.4% [ 25.0% 45.2% 46.0%
3A158 A 0 64 0 63 12 12 40 33 4 27 62 0 63 0
38§ TAERE 2477.8 2454.2 2791.2 [2135.5 1769.2 [3100.8 2428.2 2457.2
1RiE 46.9% 46.0% 50.0% [ 33.3% 6.4% [ 25.0% 45.2% 46.0%
3A158 KK 0 64 0 63 11 12 a1 32 4 28 62 0 63 0
6K TR 2477.8 2454.2 2612.0 [2135.5 1675.7 [3100.8 2428.2 2457.2
ARHER 1146.9% 46.0% [F45.5% [33.3% [ 34.4% [ 25.0% [ 45.2% I46.0%
3A158 A 0 64 0 63 11 12 41 32 4 28 62 0 63 0
oB% TS 2477.8 2454.2 2612.0 (2135.5 1675.7 [3100.8 2428.2 2457.2
B 146.9% 146.0% 45.5% [ 33.3% 4.4% [ 25.0% 45.2% 46.0%
3A158 0 64 0 63 11 12 41 30 4 30 62 0 63 0
128 2477.8 2454.2 2612.0 [2135.5 1787.4 [3100.8 2428.2 2457.2
46.9% 46.0% 45.5% [ 33.3% 6.7% [ 25.0% 45.2% 46.0%
3A158 0 64 0 63 9 14 a1 29 4 31 61 0 63 0
158 TR 2477.8 2454.2 3192.5 [2153.6 1849.0 [3100.8 2468.0 2457.2
ARHE 1146.9% 46.0% [I55l6% [F35.7% [F37.9% [ 25.0% I 45.9% I46.0%
3A158 A 0 64 0 63 9 14 41 28 6 30 60 1 63 0
185§ TioiRmE 2477.8 2454.2 3192.5 2153.6 1915.1 [2821.2 2433.8 [4523.8 2457.2
ARHE 1146.9% 146.0% 55.6% [ 35.7% 39.3% [ 33.3% 45.0% [100.0% 46.0%
3A158 A 0 64 0 63 9 14 41 28 6 30 60 1 61 1
218§ B 2477.8 2454.2 3192.5 [2153.6 1915.1 [2821.2 2433.8 [4523.8 2463.6 [4523.8
RE 146.9% 46.0% 5516% [ 35.7% 39.3% [ 33.3% 45.0% [400.0% 45.9% [100.0%
3A16H KK 0 64 0 63 9 14 a1 28 6 30 60 1 61 1
ORf TAEE 2477.8 2454.2 3192.5 [2153.6 1915.1 [2821.2 2433.8 [4523.8 2463.6 [4523.8
AR 1146.9% 46.0% 55l6% [F35.7% [30.3% [£33.3% [ 45.0% [00.0%| [ 45.9% [00.0%
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9. JIINAS

IRFENSDIERET SR VMAEIRMAIDCs 1 37 BERE LEE:

Nipgs HHEE EZ sHEUESRE IEEZ)
adult el A#8 | MR ~5kBq ~10Bkq ~20kBq /it | 20kBg~ * AR 5 % THBESD
[ 31] 28 3 0 31] o] * % BREKSE 1 %TERESD
BE [REN SO 20km 30km 40km 50km 70km 100km
B BEst BRobE B Bt BRobE  [EPY B5 BRobE  |EPY E5t iRotE BN BEst BRotE BN B BRoPE
3A128 A 0 29 28 0 3 28 0 30 0 1 31 0 31 0
0B TioiRmE 585.1 404.0 404.0 377.0 547.3 547.3
it [ 103% | 7.1% 7.1% 6.7% | 9.7% 9.7%
3A128 A 0 29 28 0 3 28 0 30 0 1 31 0 31 0
38§ F9IRE | 585.1 404.0 404.0 377.0 547.3 547.3
= [ 10.3% 7.1% 7.1% 6.7% 9.7% 9.7%
3A128 KX 0 29 28 0 3 28 0 30 0 1 31 0 31 0
6 TIEmE 585.1 404.0 404.0 377.0 547.3 547.3
Il 10.3% | 7.1% 7.1% 6.7% | 9.7% | 9.7%
3A128 0 29 27 0 4 27 0 30 0 1 31 0 31 0
9kF 585.1 418.9 418.9 377.0 547.3 547.3
[ 10.3% | 7.4% 7.4% 6.7% | 9.7% 9.7%
3A128 0 29 26 0 5 27 0 29 0 2 31 0 31 0
128§ 585.1 435.0 418.9 390.0 547.3 547.3
[ 10.3% 7.7% 7.4% 6.9% 9.7% 9.7%
3A128 0 30 25 1 5 26 1 29 0 2 31 0 31 0
158 565.6 452.4 0.0 435.0 0.0 390.0 547.3 547.3
Il 10.0% | 8.0%  0.0% 7.7% _ 0.0% 6.9% | 9.7% | 9.7%
3A128 0 30 20 4 7 24 2 29 0 2 31 0 31 0
185§ 565.6 565.6 0.0 4713 0.0 390.0 547.3 547.3
[ 10.0% 10.0% _ 0.0% 83%  0.0% 6.9% 9.7% 9.7%
3A128 0 31 16 8 7 21 5 26 2 3 31 0 31 0
218 PYIRImE 547.3 706.9 0.0 538.6 0.0 435.0 0.0 547.3 547.3
R I 9.7% 12.5%  0.0% 9.5%  0.0% 7.7% _ 0.0% 9.7% 9.7%
3A138 A 0 31 15 8 8 18 6 23 3 5 31 0 31 0
oRf TIEmE 547.3 754.1 0.0 628.4 0.0 491.8 0.0 547.3 547.3
ARHER [ 97% | 13.3%  0.0% 11.1%  0.0% 8.7%  0.0% | 9.7% | 9.7%
3A138 0 31 15 8 8 18 6 23 3 5 31 0 31 0
38§ 547.3 754.1 0.0 628.4 0.0 491.8 0.0 547.3 547.3
[ 97% 13.3%  0.0% 11.1%  0.0% 8.7%  0.0% | 9.7% 9.7%
3A138 0 31 15 8 8 18 6 23 3 5 31 0 31 0
68F PYIRIE 547.3 754.1 0.0 628.4 0.0 491.8 0.0 547.3 547.3
B [ 9.7% 13.3% 0.0% 11.1% 0.0% 8.7% 0.0% 9.7% 9.7%
3A138 KK 0 31 14 9 8 17 7 23 3 5 31 0 31 0
£ TIEmE 547.3 807.9 0.0 665.4 0.0 491.8 0.0 547.3 547.3
ARHER [ 97% | 14.3%  0.0% 11.8%  0.0% 8.7%  0.0% | 9.7% | 9.7%
3A138 A 0 31 14 9 8 17 7 22 4 5 31 0 31 0
128§ TioiRmE 547.3 807.9 0.0 665.4 0.0 514.1 0.0 547.3 547.3
B [ 97% 14.3%  0.0% 11.8%  0.0% 9.1%  0.0% | 9.7% 9.7%
3A138 A 0 31 13 9 9 17 7 22 4 5 31 0 31 0
158§ PYIRImE 547.3 870.1 0.0 665.4 0.0 514.1 0.0 547.3 547.3
ES [ 9.7% 15.4% 0.0% 11.8% .0% 9.1% 0.0% 9.7% 9.7%
3A138 0 31 13 9 9 16 7 21 4 6 31 0 31 0
188 547.3 870.1 0.0 706.9 0.0 538.6 0.0 547.3 547.3
I 9.7% [15.4%  0.0% [l12.5%  0.0% [ 9.5% 0.0% Il 9.7% Il 9.7%
3A138 0 31 13 9 9 16 7 21 4 6 31 0 31 0
218 547.3 870.1 0.0 706.9 0.0 538.6 0.0 547.3 547.3
I 9.7% 15.4%  0.0% 12.5%  0.0% 9.5%  0.0% | 9.7% 9.7%
3A148 0 31 12 10 9 16 7 21 4 6 31 0 31 0
0FF 547.3 942.6 0.0 706.9 0.0 538.6 0.0 547.3 547.3
[ 9.7% 16.7% 0.0% 12.5% 0.0% 9.5% 0.0% 9.7% 9.7%
3A148 0 31 12 10 9 15 8 21 4 6 31 0 31 0
3K 547.3 942.6 0.0 754.1 0.0 538.6 0.0 547.3 547.3
I 9.7% [116.7%  0.0% [l13.3%  0.0% [ 9.5% 0.0% Il 9.7% Il 9.7%
3A148 0 31 12 10 9 15 8 20 5 6 31 0 31 0
655 547.3 942.6 0.0 754.1 0.0 565.6 0.0 547.3 547.3
I 9.7% 16.7%  0.0% 13.3%  0.0% 10.0% _ 0.0% | 9.7% 9.7%
3A148 0 31 12 11 8 15 8 20 5 6 31 0 31 0
153 547.3 942.6 0.0 754.1 0.0 565.6 0.0 547.3 547.3
[ 97% 16.7% _ 0.0% 13.3%  0.0% 10.0%  0.0% 9.7% 9.7%
3A148 0 31 12 12 7 15 10 19 6 6 30 1 31 0
128 547.3 942.6 0.0 754.1 0.0 595.3 0.0 565.6 0.0 547.3
I 9.7% [116.7%  0.0% [l 13.3%  0.0% [l 10.5%  0.0% [l 10.0%  0.0% Il 9.7%
3A148 0 31 12 12 7 15 10 19 6 6 30 1 31 0
158 547.3 942.6 0.0 754.1 0.0 595.3 0.0 565.6 0.0 547.3
I 9.7% 16.7% _ 0.0% 13.3%  0.0% 10.5%  0.0% 10.0%  0.0% 9.7%
38148 0 31 12 14 5 14 11 18 8 5 30 1 31 0
188§ 547.3 942.6 0.0 807.9 0.0 628.4 0.0 565.6 0.0 547.3
[ 9.7% 16.7% 0.0% 14.3% 0.0% 11.1% 0.0% 10.0% 0.0% 9.7%
3A148 0 31 11 15 5 14 11 18 8 5 28 3 29 2
218 547.3 1028.3 0.0 807.9 0.0 628.4 0.0 605.9 0.0 585.1 0.0
I 9.7% [118.2%  0.0% [114.3%  0.0% [ 11.1%  0.0% Il 10.7%  0.0% Il 10.3%  0.0%
3A158 0 31 10 17 4 12 14 17 9 5 28 3 28 3
ors 547.3 1131.1 0.0 942.6 0.0 665.4 0.0 605.9 0.0 605.9 0.0
I 9.7% 20.0%  0.0% 16.7%  0.0% 11.8%  0.0% 10.7% _ 0.0% 10.7% _ 0.0%
3A158 0 31 10 17 4 12 14 16 10 5 26 4 28 3
38§ 547.3 1131.1 0.0 942.6 0.0 706.9 0.0 652.6 0.0 605.9 0.0
[ 9.7% 20.0% 0.0% 16.7% 0.0% 12.5% 0.0% 11.5% 0.0% 10.7% 0.0%
3A15H 0 31 10 17 4 12 14 16 10 5 26 4 27 3
6K 547.3 1131.1 0.0 942.6 0.0 706.9 0.0 652.6 0.0 628.4 0.0
I 9.7% [120.0%  0.0% [116.7%  0.0% [ 12.5% 0% [l 11.5%  0.0% [l 11.1%  0.0%
3A158 0 31 10 17 4 12 14 16 10 5 26 4 27 3
L 547.3 1131.1 0.0 942.6 0.0 706.9 0.0 652.6 0.0 628.4 0.0
[ 97% 20.0%  0.0% 16.7%  0.0% 12.5%  0.0% 11.5%  0.0% 11.1%  0.0%
3A158 0 31 10 18 3 11 15 16 11 4 26 4 27 3
128% 547.3 1131.1 0.0 1028.3 0.0 706.9 0.0 652.6 0.0 628.4 0.0
[ 9.7% 20.0% 0.0% 18.2% 0.0% 12.5% 0.0% 11.5% 0.0% 11.1% 0.0%
3A158 0 31 8 21 2 9 18 14 14 3 23 5 27 3
158 TR 547.3 1413.9 0.0 1256.8 0.0 807.9 0.0 737.7 0.0 628.4 0.0
AR I 9.7% IF 25.0%  0.0% [22.2%  0.0% [l 14.3%  0.0% [ 13.0%  0.0% [l 11.1%  0.0%
3A158 A 0 31 6 23 2 7 21 12 17 2 20 7 26 4
185§ TioiRmE 547.3 1885.2 0.0 1615.9 0.0 942.6 0.0 848.3 0.0 652.6 0.0
i [ 97% 33.3%  0.0% 8.6%  0.0% 16.7%  0.0% 15.0%  0.0% 11.5%  0.0%
3A158 A 0 31 5 24 2 6 22 10 19 2 18 8 23 6
218 PYIRImE 547.3 1259.6 208.9 1049.7 227.9 629.8 263.8 664.1 626.6 737.7 0.0
RE [ 97% 20.0%| 4.2% 16.7% | 4.5% 10.0%| 5.3% 11.1%[] 12.5% 13.0%  0.0%
3A16H KK 0 31 5 24 2 6 22 10 19 2 18 8 22 6
ORf TR 547.3 1259.6 | 208.9 1049.7 | 227.9 629.8 || 263.8 664.1 | 626.6 771.2 0.0
AR I 9.7% [120.0%| 4.2% [116.7%| 4.5% [l 10.0%] 5.3% [ 11.1%[ 12.5% [l13.6%  0.0%
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10. BEEHR

IRFENSDIERET SR VMAEIRMAIDCs 1 37 BERE LEE:

BREM HHEE EZ sHEUESRE IEEZ)
adult kil A#8 | MR ~5kBq ~10Bkq ~20kBq /it | 20kBg~ * ARUKAE 5 %TERESD
[ 19] 17 1 0 19] o] * BEKE 1 %TEBERD
BE [REN SO 20km 30km 40km 50km 70km 100km
B BEst BRobE |ER Bt BRobE  [EPY B5 BRobE  |EPY E5t iRotE BN BEst BRotE BN B BRoPE
3A128 A 0 19 12 5 2 19 0 19 0 19 0 19 0
[ TR 474.5 751.3 0.0 474.5 474.5 474.5 474.5
it [ 10.5% 16.7%  0.0% 10.5% 10.5% | 10.5% 10.5%
3A128 A 0 19 12 5 2 19 0 19 0 19 0 19 0
38 TiERE 474.5 751.3 0.0 474.5 474.5 474.5 474.5
R [ 10.5% 16.7%  0.0% 10.5% 10.5% 10.5% 10.5%
3A128 KX 0 19 12 5 2 19 0 19 0 19 0 19 0
6 TIEmE 474.5 751.3 0.0 4745 474.5 474.5 474.5
Il 10.5% |16.7%  0.0% 10.5% 10.5% | 10.5% | 10.5%
3A128 0 19 12 5 2 18 0 19 0 19 0 19 0
L 474.5 751.3 0.0 500.9 474.5 474.5 474.5
[ 10.5% [16.7% _ 0.0% 11.1% 10.5% | 10.5% 10.5%
3A128 0 19 12 5 2 18 0 19 0 19 0 19 0
128 474.5 751.3 0.0 500.9 474.5 474.5 474.5
[ 10.5% 16.7% _ 0.0% 11.1% 10.5% 10.5% 10.5%
3A128 0 19 12 5 2 18 0 19 0 19 0 19 0
158 4745 751.3 0.0 500.9 474.5 474.5 474.5
Il 10.5% |16.7%  0.0% 11.1% 10.5% | 10.5% | 10.5%
3A128 0 19 11 6 2 17 0 19 0 19 0 19 0
185§ 474.5 819.6 0.0 530.4 474.5 474.5 474.5
[ 10.5% 18.2%  0.0% 11.8% 10.5% 10.5% 10.5%
3A128 0 19 9 9 1 15 1 16 1 2 18 1 19 0
218§ TiERE 474.5 1001.8 0.0 601.1 0.0 563.5 0.0 500.9 0.0 474.5
R [ 10.5% 22.2%  0.0% 13.3%  0.0% 12.5%  0.0% 11.1% _ 0.0% 10.5%
3A138 A 0 19 9 9 1 15 1 16 1 2 18 1 18 1
oRf TIEmE 474.5 1001.8 0.0 601.1 0.0 563.5 0.0 500.9 0.0 500.9 0.0
BRI [ 10.5% 22.2%  0.0% 13.3%  0.0% 12.5%  0.0% 11.1% _ 0.0% | 11.1%  0.0%
3A138 0 19 9 9 1 15 1 16 1 2 18 1 18 1
3K 474.5 1001.8 0.0 601.1 0.0 563.5 0.0 500.9 0.0 500.9 0.0
[ 10.5% 22.2%  0.0% 13.3%  0.0% 12.5%  0.0% 11.1% _ 0.0% 11.1%  0.0%
3A138 0 19 9 9 1 15 1 16 1 2 18 1 18 1
6F TiERE 474.5 1001.8 0.0 601.1 0.0 563.5 0.0 500.9 0.0 500.9 0.0
HRIE [ 10.5% 22.2%  0.0% 13.3% _ 0.0% 12.5% _ 0.0% 11.1% _ 0.0% 11.1% _ 0.0%
3A138 A 0 19 8 10 1 14 2 16 1 2 18 1 18 1
£ TIEmE 474.5 1127.0 0.0 644.0 0.0 563.5 0.0 500.9 0.0 500.9 0.0
R [ 10.5% 25.0%  0.0% 14.3%  0.0% 12.5%  0.0% 11.1%  0.0% | 11.1%  0.0%
3A138 K] 0 19 8 10 1 14 2 15 2 2 17 1 1 18 1
128 TIIERE 474.5 1127.0 0.0 644.0 0.0 601.1 0.0 530.4 0.0 500.9 0.0
B [ 10.5% 25.0%  0.0% 14.3%  0.0% 13.3%  0.0% 11.8%  0.0% 11.1%  0.0%
3A138 A 0 19 7 10 2 13 2 14 2 3 17 1 1 17 1
158 TiERE 474.5 1288.0 0.0 693.5 0.0 644.0 0.0 530.4 0.0 530.4 0.0
= [ 10.5% 28.6%  0.0% 15.4%  0.0% 14.3% _ 0.0% 11.8%  0.0% 11.8% _ 0.0%
3A138 0 19 7 10 2 13 2 14 2 3 17 1 1 17 1
188 474.5 1288.0 0.0 693.5 0.0 644.0 0.0 530.4 0.0 530.4 0.0
Il 10.5% I 28.6%  0.0% [115.4%  0.0% [l 14.3%  0.0% [l 11.8%  0.0% [l 11.8%  0.0%
3A138 0 19 7 10 2 13 2 14 2 3 17 1 1 17 1
218 474.5 1288.0 0.0 693.5 0.0 644.0 0.0 530.4 0.0 530.4 0.0
[ 10.5% 28.6%  0.0% 15.4%  0.0% 14.3%  0.0% 11.8%  0.0% 11.8%  0.0%
3A148 0 19 7 10 2 13 2 14 2 3 17 1 1 17 1
oRf 4745 1288.0 0.0 693.5 0.0 644.0 0.0 530.4 0.0 530.4 0.0
[ 10.5% 28.6%  0.0% 15.4%  0.0% 14.3% _ 0.0% 11.8%  0.0% 11.8% _ 0.0%
3A148 0 19 7 10 2 13 2 14 2 3 17 1 1 17 1
3K 474.5 1288.0 0.0 693.5 0.0 644.0 0.0 530.4 0.0 530.4 0.0
Il 10.5% I 28.6%  0.0% [115.4%  0.0% [l 14.3%  0.0% [l 11.8%  0.0% [l 11.8%  0.0%
3A148 0 19 7 10 2 13 2 14 2 3 17 1 1 17 1
655 474.5 1288.0 0.0 693.5 0.0 644.0 0.0 530.4 0.0 530.4 0.0
[ 10.5% 28.6%  0.0% 15.4%  0.0% 14.3%  0.0% 11.8%  0.0% 11.8%  0.0%
3A148 0 19 7 10 2 13 2 14 2 3 17 1 1 17 1
L 474.5 1288.0 0.0 693.5 0.0 644.0 0.0 530.4 0.0 530.4 0.0
[ 10.5% 28.6%  0.0% 15.4%  0.0% 14.3%  0.0% 11.8%  0.0% 11.8%  0.0%
3A148 0 19 6 10 3 11 2 14 2 3 17 1 1 17 1
128 474.5 583.3 0.0 318.2 0.0 644.0 0.0 530.4 0.0 530.4 0.0
Il 10.5% [116.7%  0.0% 9.1%  0.0% [l 14.3%  0.0% [l 11.8%  0.0% [l 11.8%  0.0%
3A148 0 19 6 10 3 11 2 13 2 4 17 1 1 17 1
158 474.5 583.3 0.0 318.2 0.0 269.2 0.0 530.4 0.0 530.4 0.0
[ 10.5% 16.7%  0.0% 9.1%  0.0% 7.7% _ 0.0% 11.8%  0.0% 11.8%  0.0%
3A148 0 19 5 12 2 10 5 12 3 4 17 1 1 17 1
188 4745 700.0 0.0 350.0 0.0 291.7 0.0 530.4 0.0 530.4 0.0
[ 10.5% 20.0% _ 0.0% 10.0% _ 0.0% 8.3%  0.0% 11.8%  0.0% 11.8% _ 0.0%
3A148 0 19 5 12 2 9 6 12 3 4 16 2 1 16 2
218 474.5 700.0 0.0 388.9 0.0 291.7 0.0 563.5 0.0 563.5 0.0
Il 10.5% [120.0%  0.0% 11.1%  0.0% | 83% 0.0% [l 12.5%  0.0% [l 12.5%  0.0%
3A158 0 19 0 15 4 1 12 9 6 4 16 2 1 16 2
ors 474.5 2333 0.0 | 291.7 0.0 | 5833 563.5 0.0 563.5 0.0
Il 10.5% | 6.7% 0.0%[ 8.3% 0.0%[116.7% 12.5%  0.0% 12.5%  0.0%
3A158 0 19 0 15 4 1 12 8 7 4 16 2 1 16 2
38 474.5 233.3 0.0 [ 2917 0.0 [ 500.0 563.5 0.0 563.5 0.0
[l 10.5% | 67% 0.0%[ 8.3% 0.0% [] 14.3% 12.5%  0.0% 12.5%  0.0%
3A158 0 19 0 15 4 1 12 8 7 4 16 2 1 16 2
6K 474.5 233.3 0.0 [ 2917 0.0 [ 500.0 563.5 0.0 563.5 0.0
Il 10.5% | 6.7% 0.0%[ 8.3% 0.0%[] 14.3% [l 12.5%  0.0% [ 12.5%  0.0%
3A158 0 19 0 15 4 1 12 7 7 5 14 4 1 16 2
L 474.5 2333 0.0 | 2917 0.0 | 500.0 394.0 | 875.0 563.5 0.0
Il 10.5% | 6.7% 0.0%[ 8.3% 0.0%[] 14.3% 7.1% [ 25.0% 12.5%  0.0%
3A158 0 19 0 16 3 1 12 7 7 5 13 4 2 16 2
128 474.5 218.7 0.0 [ 2917 0.0 [ 500.0 424.3 [ 875.0 563.5 0.0
[l 10.5% | 63% 0.0%[ 8.3% 0.0% [] 14.3% 7.7% [ 25.0% 12.5%  0.0%
3A158 0 19 0 16 3 1 14 6 9 4 12 5 2 15 2
158 TR 474.5 218.7 0.0 | 250.0 0.0 [ 1388.9 459.7 [ 700.0 601.1 0.0
AR I 10.5% | 6.3% 0.0%] 7.1% 0.0%[] 11.1% [l 8.3%[20.0% [ 13.3%  0.0%
3A158 A 0 19 0 16 3 1 14 6 10 3 12 5 2 14 3
188 TIIERE 474.5 218.7 0.0 | 250.0 0.0 [1350.0 459.7 [ 700.0 644.0 0.0
ARHE I] 10.5% | 6.3% 0.0%[ 7.1% 0.0%[] 10.0% 8.3% [[120.0% 14.3%  0.0%
3A158 A 0 19 0 16 3 1 14 6 10 3 12 6 1 14 3
218§ TERE 474.5 218.7 0.0 | 250.0 0.0 [ 350.0 459.7 | 583.3 644.0 0.0
RE [l 10.5% | 63% 0.0%[ 7.1% 0.0% [] 10.0% 8.3%[] 16.7% 14.3%  0.0%
3A168 A 0 19 0 16 3 1 14 6 10 3 12 6 1 14 4
ORf TR 474.5 218.7 0.0 | 250.0 0.0 [ 350.0 459.7 | 583.3 644.0 0.0
AR I 10.5% | 6.3% 0.0%] 7.1% 0.0%[| 10.0% | 8.3%[16.7% [14.3%  0.0%
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HH oAl 15 0.6 1.0 2.4 0.9 16 48 5.6
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95%fji. 30 75 9.7 9.1 30 25 19 9.1
(95%UI) (7.5, 63) (1.9, 16) (2.4, 20) (2.3,19) (7.4, 62) (6.3, 53) (4.9, 41) (2.3, 19)

95%Ul : 95% e FEIE DR

F -4, KT v LKEKERE (pTWI)

JKiE/K pTWI  (mL/day)

e | R | 95%fE
0 me 802.6 799.9 1455.8
1 e 708.1 759.8 | 1538.6
5 Rl 955.9 | 1025.1 | 1998.4
10 %A 1546 1653 2913
15 1% 2 1546 1653 2913
[DUN 1546 1653 2913
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Etﬁi'z% A 10 KR 155
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5 T—HFE | P | Sy | 95% | FRo | SEHy | 95% | RO | SRRy | 95%
) Bll— il il il il fiE fiE fiE fiE fiE
. k=

(mL/d) | 1546 | 1653 | 2913 | 1546 | 1653 | 2913 | 708.1 | 759.8 | 1538

—
1 Hifdi | 06 | 07 | 12 | 15 1.6 2.8 2.5 2.6 5.3
2 | FgtHESTH | 03 | 03 | 05 | 06 0.6 1.1 1.0 1.0 2.1
2’ | Mt

) 08 | 08 | 15 | 1.8 1.9 3.4 3.0 3.2 6.5

3 | JIf=ET | 06 | 07 | 11 | 14 1.5 2.7 2.3 2.5 5.1
4 | JREFHT | 04 | 05 | 0.8 | 1.0 1.1 1.9 1.7 1.8 3.7
5 | MEZEET | 05 | 05 | 09 | 1.2 1.2 2.2 1.9 2.0 4.1
6 | EhE" | 07 | 08 | 14 | 17 1.9 3.3 2.9 31 6.2
7 | KnE 06 | 07 | 12 | 15 1.6 2.8 2.5 2.6 5.3
8 | WIEHT | 04 | 04 | 08 | 1.0 1.0 1.8 1.6 1.7 35
9 | JRJLET | 04 | 04 | 07 | 09 0.9 1.6 1.4 1.5 3.1
10 | &2+ | 01 | 01 | 01 | 0.2 0.2 0.3 0.3 0.3 0.5
11 | fR@gss™ | 24 | 26 | 46 | 5.7 6.1 | 107 | 9.4 10.1 | 20.4
12 | JIINAF | 07 | 08 | 14 | 17 1.9 3.3 2.9 3.1 6.2

# 3T FEOHRIEEY ALK 18.6% & L CTHER!

*  BRAEATICEI LT, BEEERT S BERR S UV MBI RS L TN 2k B D KB K T
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%,
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(BN) (31) 0 3.9% 11> N.E*
NS 6.6 10 (25, 12
1k, (% (1.6, 14) 21) (3.0, 25)
A)
INER, 33 5 (L3, 6
A 0.8,7) 11) (1.5,13) N.E. (32) 1.6° 4 6°
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(W A+
7KiE)
N.E.
AREERT 1.2 6.1 12 (114) 0 37 75
10 5% 2 (W | (0.4,25) (1.6,12) (3.7, 22)
A+ 7KiHE)
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Ul @ ANl S D e
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Estimation of doses in the early phase of accident utilizing a
spatiotemporal radionuclides’ distribution database by atmospheric
transport, diffusion and deposition model simulation and the

evacuation patterns of residents.

Gen Suzuki',
YInternalation University of Health and Welfare Clinic
Collaborators
Yoshiharu Nagai (JAEA)
Takashi Ohba (FMU)
Tetsuo Ishikawa (FMU)
Arifumi Hasegawa (FMU)

Key word: ATDM simulation, thyroid equivalent dose, whereabouts questionnaire, inhalation dose,
ingestion dose, 16 municipalities in areas under evacuation order and surrounding areas

Abstract

Purposes of this study are firstly to estimate inhalation doses after Fukushima Dai-ichi Nuclear Power
Station accident utilizing the randomly sampled whereabout questionnaires of residents under 19 years at
the time of accident who lived in 7 municipalities in evacuation area and 6 surrounding municipalities in
combination with the spaciotemporal distribution database of radionuclides’ concentration at one meter
height, WSPEEDI_2019DB, and secondly to estimate ingestion doses via contaminated tap water that are

d **!I deposition onto water resources by

estimated using an one-compartment model based on simulate
WSPEEDI and actual measured data. Analyses have completed for Okuma town, Tomioka town, Futaba
town, Naraha town, Namie town, Minamisoma city and litate village, and our estimated for thyroid
equivalent doses (TED) in these municipalities have been reported. Our methodology successfully
estimated TED distributions that were very close to those distribution of evacuees from Minamisoma city
or litate village based on direct childhood thyroid measurements using Nal survey meters conducted by
MEXT, Japan, on end of March, 2011, or direct measurements of 1311 activities in adult thyroids conducted
using an Nal spectrometer by Tokonami, Hirosaki University. In addition, we have updated the TED via
ingestion of contaminated tap water utilizing WSPEEDI_2019DB and one-compartment-model in
combination with newly obtained information by questionnaire survey on age category-specific potential

tap water intake (pTWI) volumes of Japanese.
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Now we are conducting the analyses on randomly sampled whereabouts questionnaire sheets 1000 from
Iwaki city, 300 each from Tamura city, Date city, and Soma city, and 100 each from Kawamata town,
Hirono town, Shinchi town, Kawauchi village, Katsurao village.

Our methodology for estimating TED will help the dose-incident analyses of thyroid cancer detected by
the Fukushima Thyroid Examination campaign, Fukushima Health Management Survey.
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2. (mBqlg) 214pp (225Ra) 40K TCs 210pp, 212p(228Th)
EEREABK) LTD 10.9+28  0.79+0.09 LTD 0.39+0.15"
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Radiation dose assessment using deciduous teeth collected from

children in Fukushima

Keiichi Sasaki
Tohoku University Graduate School of Dentistry, Dean

Radiation from 6,976 deciduous teeth, collected from children in Fukushima and other prefectures,
were measured using imaging plates. The data were epidemiologically assessed to examine the dose
differences in radiation, based on the Quantum Level (QL) values obtained from the teeth. The activity
concentrations of radio nuclides in some of the teeth were determined using gamma-ray spectrometry and
low background gas flow counter. With regards to the teeth formed before the Fukushima Daiichi nuclear
power plant (FDNPP) accident, the QL values of the teeth collected from the resident children of
Fukushima were slightly lower than those collected from children in other prefectures, which might be due
to the difference in natural radioactivity in the environment. There were significant regional differences in
the level of radiation in the teeth collected from 7 local government areas within Fukushima prefecture.
The QL values differed with the type of teeth; the highest value was observed in the maxillary deciduous
incisors, and the lowest in the mandible deciduous molars. Natural radionuclides in uranium and thorium
series and “°K were observed in these teeth. “°K was detected in all the samples examined and its
concentration was relatively higher than those of nuclides in uranium (***Pb) and thorium (**?Pb) series.
Among artificial radionuclides, **’Cs was detected in 7 of 9 samples and **Sr was detected in all samples
examined. These artificial radionuclides observed might not have originated from the FDNPP accident, but
from nuclear weapon tests in the past, because they were detected even in the teeth that were formed and
fallen out before the FDNPP accident. Furthermore, these radionuclides were detected even in the teeth
from the prefectures where the effects of the FDNPP accident are considered to be negligible. After 2016,
although the percentage of the teeth formed after the FDNPP accident increased, the QL values of these
teeth have not shown any signs of an increase till now. Because the teeth examined in the present study
were formed before the FDNPP accident, the aforementioned findings may serve as an important control
data for future studies on teeth formation after the FDNPP accident.
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Abstract

The aim of this study is to examine the temporal changes in reduction factor and in indoor
surface contamination, which affect radiation exposure dose for the residents, by re-examining about 150
dwellings that had been investigated. This year (2019), 53 residential houses (34 in litate Village, 2 in
Okuma Town, 8 in Namie Town, and 9 in Odaka, Minamisoma City, respectively) were investigated. The
findings are as follows:

1. Air dose reduction is greatly attributed to decontamination, and changes in air dose rate over
time after decontamination are rarely observed other than physical decay. The median air dose reduction
rate was 53.8% (n = 38) outdoors and 47.2% (n = 38) indoors during before decontamination and 2019.
Two groups of indoor air dose reduction rates; during before decontamination and just after
decontamination and during before decontamination and 2019, were analyzed by the Mann-Whitney U-test,
resulting in the difference between them was significant.

2. The median reduction factor with an interquartile range was evaluated as 0.40 (0.34-0.47),
0.53 (0.48-0.67), and 0.54 (0.46-0.66), respectively for each house before decontamination, immediately
after decontamination, and 2019. The ratio of reduction factors was also calculated for each house. These
results indicate that changes over time after decontamination are rarely observed. A correlation between
reduction factors and outdoor air dose rates was approximated as y = -0.086In ( x) + 0.4667.

3. Of the 1,186 smear samples collected from houses in litate Village, 1,150 (97.0%) were below
the detection limit, and 36 samples (3.0%) exceeded the detection limit had quite low surface
contamination values. Of the 362 samples collected from houses in Odaka, Minamisoma City, 261 (72.1%)
were below the detection limit, and 101 (27.9%) exceeded the detection limit. Of the 389 samples collected
from houses in Namie Town, 193 (49.6%) were below the detection limit and 196 (50.4%) exceeded the
detection limit. Of the 73 samples collected from houses in Okuma Town, 5 (6.8%) were below the
detection limit and 68 (93.2%) were above the detection limit. The surface contamination is inversely
proportional to the distance from the Fukushima Dai-ichi Nuclear Power Plant (FDNPP), and tends to
become higher in areas closer to the FDNPP. This is the same tendency that was observed in the previous

study.
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4. The application of a y plotter F with a gyro sensor to the survey enabled continuous
monitoring in forests and indoors where GPS signals cannot be sufficiently captured. By using the data
collected by the vy plotter, we were able to obtain the distribution of outdoor and indoor air dose rates and

reduction factor as well.
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