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Measures to protect against radiation due to a large-scale
nuclear accident of distant place — radioactive materials
in Nagasaki from the Fukushima Daiichi nuclear power

plant indicate

YUAN Jun®*!, SERA Koichiro*?, TAKATSUJI Toshihiro*"'

*1Graduate School of Fisheries Science and Environmental Studies ;
Nagasaki University 1-14 Bunkyo-machi, Nagasaki 852-8521, Japan

E - mail : takatsuj@nagasaki-u.ac.jp ; Fax: 095-819-2754

*2Cyclotron Research Center, Iwate Medical University

348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract Objective: To investigate human health effects about radiation
exposure due to future possible nuclear accidents at distant places and
other wvarious findings through analyzing the radioactive materials
contaminating atmosphere of Nagasaki due to the Fukushima Daiichi
Nuclear Power Plant accident.

Methods: Concentrations of radioactive materials in the aerosol were
measured contained in the atmosphere of Nagasaki using a germanium
semiconductor detector from March 2011 to March 2013. Internal exposure
dose was calculated according to ICRP Publ. 72. Air trajectories were
analyzed by NOAA and METEX web-based systems.

Results: 134.137Cs were repeatedly detected. The air trajectory analysis



showed that the 134.137Cs have flown directly from the Fukushima Daiichi
Nuclear Power Plant in March to April 2011. However the direct air
trajectories were rarely shown after the time even in the period 134.137Cs
were detected after the term. The activity ratios (134Cs/137Cs) of almost the
samples converted to the values at March 2011 were about unity. It strongly
suggests that the 134137Cs detected were mainly originated from the
Fukushima Daiichi Nuclear Power Plant accident in March 2011. Although
the 134137Cs concentrations per air volume were tracer amount and the
human health effects due to the internal exposure with the inhalation was
expected negligible, the specific activities (concentrations per aerosol mass)
were relatively high.

Conclusion: It was realized that future possible nuclear accident may
cause severe radioactive contaminations which may demand radiation

control of farm goods to more than 1000 km distant places.

KEY WORDS: Activity ratio(f& 4 #8 tt); Aerosol(= 7 7 ¥ )L); Radioactivity
concentration (it 4 FE ¥2 F£); Air trajectory(K & i B ##); Fukushima Daiichi

nuclear power plant(#& & % — Jil 1 /1 % & T )
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% IR FAREBERFEE LR, BEHTOELS O EEPIZE < OSSR
fr e # (P, 2Te, 21, Y4Cs, 3°Cs, ¥7Cs, '4°Ba, '%La, °°™Tc, °SNb,
HmAA R S 72(1-2), THHIEHEEBIMLOLHEINTZHEONRKKICTE > T
BE#IL, =7y LlRkEISHh, WREHIIWRESNET, HDHWVWITENI

EEETLEZLOEEZEZOND, WTHRIZLTY, 2L OB MERNATHE
FERZOWENIC L o TR AT L IIChonBEZLND N, 0k
DR FHICE T L2 E LT L LA TIE Ry, RN, MEBH K%

BHPOMEEOFAICESHATEY, RKJF@EFELLRICBH T 52 &%
ZanX, FABEMFLOEZEBIDVDRNVEOHNERH L, LLAENL, EE
CEHRBETHOIEHICH D2 T REOKTIE 2011 £ 3 4 23 H~4 A 27
H& 7TH20H~27 BIZ 134Cs & 137Cs(134. BICe) i s N/ 2 &, ZHDHE

HKEMELOEBETHLIARELPE NI L2 A ITME LG4, £z, RIF
WRERERENIEE X —ICBWVWThH, BEETERLEZETHNS 2011 /£ 3 A
~5 AT, B4 BICs NP I LA REINLTND(B), ZOHLERKTO
REAFFBEY O FIZ 134 137Cs B HHBEH SN TWVWDLOTIRIZHOW THRE
L, NMEZ2EICEDREOEEND DO N, 4 EBIEEOFE DR ) F D
Nl Z i, FHORUSCKBEEFMHFICL-T, FOREOEEREZ X LD O

MNERETT D,

1. RHEFEW
K& F@RilEy (=7 un) ORBICE, "M AY a—Lr=TH 77— 4
H A8 AH600-F(W IV & : 700L/min, —HABEERE : £ 7000m3) & 7 K

N T oy 7 QR-100 v U A Mk M UE MR (R OSE B FE 0 99.99%
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0.3 umDop%)203x254mm % i\ 7=, SR EHER HuiX, 2011 4 3 A ~2013 4 3 H I
DT AT o T, Bl RS (AL#E 32.785701° U #% 129.86479°) & 72 8 & & R 0 7
(dbf& 32.908825° % 129.742425°) D &5 7t %/~ 3 (Fig. 1), &R EHII1ZIFE 1 W
DlzoTHW Lz, BB 706 4550 3 %80 ), KEEaEHED =
HDORELE LTz, VD 4550 1055, —#(3cm X 3em) % L 1 # fih 2 X ##
(PIXE, Particle Induced X-ray Emission) |2 X% cE o HICHEM L, 7%
DIX TR LTRE L, ok, PIXE XB 178 & O i & kL1 & 50k
WCHRHFH L, BETLOIRFMEXBREZAET 22 LICEoTHxHEIMET D HIETD

% (6),

2. MEAE

TR YNLVOEEL, =T e Y L EREOEBKOEENS, =T v Y LR
ATOEBEOBEELZLGIWVWTRD 7, 2ok, BRKITREELD D720, HEIT
BN EOTFT v r— 2 —(F T ITT v I A= Ty — % —AM-3 B)T
KoZEWMYBERWEOBLHEIE L, WEICIE, BREGICHEELIEHOEEET 7 X
ZBRM Lot HEF R E 0.0001g) & M vz,

B BEDOME L, Hr~Ty 7 AL L~ = 5 MR8 % D TT -
oo MMAERYV ZF LT v I2@lHk, @BIZANLTHLL T L 2 THERIZ

BRE Lo bMERHEU-9FmERBO D) AN THIEL -,

3. BRAREKDHE

WA L D FHFERDMEL, D FToXATRIND,

D?

ERE=TFHEIPTREX -HOHLVIZWATLIERIEXHBHK
POER 1 < Mt B = B EE xS M B AR %K

HEICE L CTlX, ICRP Publ. 72 () —fx A% o RE L A, 1 H 22.21 m3

Fig.1
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DEL[KEWRANT DANY TV o T BEICHERRREL TV S E Lz, FER

MEREL —BAEOLDE LT, ICRPPubl.72 0% @ % iz,

4, KKRBER S

7 AV EPER& T (NOAA) HYSPLIT (Hybrid Single Particle Lagrangian
Integrated Trajectory Model)(8) & [E . EREM BT M ERREM L& - ¥ —
METEX (Meteorological Data Explorer) (99 7 = 7#4 & HH L T,
RE B 9 H1 %2 4T - 7=, HYSPLIT o ffE AHAICHEY, LT O BN~
U7 zmrRd,

http://ready.arl.noaa.gov/HYSPLIT_disp.php

il
%

WD Web 14 FIZHOWTH, KD H IR D D W I3 B A5 e o 1 RE R L &
AANNT DL, BEORMBEEKR EDT =26, RANED XS KRR T

AT D, HEVIREDX ) R THEATESLELNIHREIND,

5. PIXER#H & D L&

HEIZE>THO PR LcESBEIL, RBEFbHko B EYE
LY ATEALNALTWS(10), =7 v Yo PIXE H#rid, AAT A Y k—
e REY A s br kv — (NMCC, A FRERT) THEML -,
BEERBBLEECLESNTOT — &1L, LFEF AR SR CEGB)TREF AT
LD, MHEE Y ALOBRBREZFEMICHRFT LT, TOEEINEKEKRTH
LINEI D ERET D, OFV, REFEEB KO BFMEDE R, BEHAKkOH

EBEOM L =Y =L LTHATE RO EHRATT 5,

BRLEEER
1. B Ehi=- %Cs & ¥'Cs, 2'Pb DRE
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BERLEo 7oy iz, aillo#EB-4)0 &D, 2011 F£~2013 4 3 A2k

Table.1-2

S 47z 134Cs L 137Cs, 210Pb IC>WT, =7 u Y LVEEHTD OMH iR E

(g4t ag) (Table .1, Fig .2) &, WSl =X EMEH 72 0 O JE (Table .2, Fig .3)

Fig.2-3

T, 210Pb (X7 R B KO M 22.3 F0O RAKKHNEEETCHDL, 22T
JR3EF A R T 210Ph ZoR LBl L, £ OEEARETE 210Po O A FHME
oD, 210Po T A ~MAXRT br A MY —=THET LI LITTE RV,
210Ph DT L o THICAER S, BRI P K E WD (138 H), L5H
PEEDOEWNIZ LD 0BERE L < R ITVIEHHE EicimvwiRg & e, 210Pp &
FREOKKMNETHEAET LZ2LEEZXLOND, 210P0 [T o B TH - T, EW
MEREPRKESBRABRT L2 EAEFEERRENVLEIATVDE(T), LR > T,
TT Y IIVNO BLBICs NHERERLBELE GO0 EI DT LG
%, 210Ph LOHBAMLETCHLIEEZIbND, LT r Y L@ 210Pg
? 210Pb (ZxFF ik, FERENS 135 HEOREIZHELEZ L ODOHAEIZIX
0.25, 500 HH TIT 0.6 BE LW R H 2511, L2ALARRL, MEITIE
210Ph AERWICIEEL TS, BNICLOIMEERNH LR ELEEZEZLNTND
D, 1 EREFEHALEZZT 74 VZ T, ZOEAIEL o &N TEIC
L, 1w eEdbE2oND, 22T, ZaMcAEL-> T, #l&1E1ic
WL EZZ 5,

137Cs 1T 14 B M S 4v, 184Cs X 10 Bl S 47z, 134Cs D e L O
WEl KRS OREN ~FBREP > TEOIFXRIBERFICE T 5 2011 4 8 A
18 H~8 /1 24 A ® 3.06x105Bq/kg & 3.46x10°mBq/m3 T& - 7=, 137Cs 73 —
FEmnolz0b R UiE T, 3.93x105Bq/kg & 4.44%x10° mBg/m3 Tdh ->7=,
DEEDORHPFTER T LD REEE <, BUE A BRE O TEIC L L 72 (1),
INE, BEMESES =T e LE L TRRC L TEERD L&, mAICE

WThH, BBIZCEY RAPODEET 2L, mOWHBEENRTZNDIHEND D
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TLERBLTWD, BN EOEE DL PG ELKIKTEH 72D DK RE IR E
T ZEHN NSV ERND D, 2O E1E, WHIEKEEH =0 O RE R
ERzT7a Yy VoIl EHLTWLIHEE AL L2BRT 08, LT LbE
IO TRV ELH D, 134Cs, 137Cs DI NTZBEO =T v vV LR+ O
e P ERE (kg/m3) & R 9 (Fig . 4), A S EREOHTIE, 137Cs O W 5] %
SRR 720 OPEE AN 2012 4 10 A 23 H~31 HIZ 2011 4E 4 13 H LI

R L

A
i
g

b, 20124 7TH 256~8H 1 HOM 6L, ZXHE
T4 0.64 512 &7, BRI 9.4 5122 L 7,

T TR TORAKIETS 2 ELE S O %R L (Table.2),
134,137Cs M Sz —#HE o 134137Cs 1T X H2ANTHIT BTV TND
3.8x102uSv L W /N &<, 210Ph20Po IC L B b DICHRTHAS VDT, KK
DORAFITICEDAB~ORFEEZEIIHEAL XL TIXIZEEALBEICR S 2
WwWeEB2x LMD,

HEREREHZVORKFHEEBEIMETH, =72 VolBHEITEL D
e, AR[EEYVNICIHYD ANDILAEOZT 7 4 VX 2 BENICERDH S H R
lizonTiE, WHEES ~OREERLETHL-TLLEZLNLD, LIL, T
T\ Y VT E 184, 137Cs DU RE & BRI D 210Ph AEEN T W Z &inh, 184,
137Cs O fit FE S48 13 §H % T 72 <, 210PH,210Po (2RI LTI, FEHIFITBWVTH
VYAV HERTLIREONBHEL ~ONERIMETHLEEZOND, 2 &
20T, BRI, RN TONHEIT 2D, HAEEZ K& LT
HY, TO—HlE, 36450m3/h IZb 7 5(12), BRI ETRROFETHR LN =
TaYLDOEGHTEREBEED 5X108kg/m3 A @A LT, —H 8, 1M 5
AEEAZRT LT DL, AROWMY ARBOZT 74V FIZHEEDLTZT v Y
VIZERM 3.8kg &0, ST REOK TBIN S iz 210Pb @ 3 b B BE

I 3.2X105Bq/kg THLHIMN L, =7 7 4 VX OIFERIEXEREEZITVNI O T 1

Fig.4

Table.2




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

VLD 1%E R AN LT ET D E, 210Ph & 1.22X104 Bk AL7=Z L2/ 5,

20Po LRI E G N CWWA L LT Table2 E RIFRICAHFHIZ<SHMEELRD B L,

K1 b4mSvIiZb b, —RARICHAESNDLHEREDOEM ImSv & N
mL, PiESKRIMNATHDLIEEZXD, BHEDO~YATIZX > T 200Ph &2 D8
EAERYW TH D 210Po BEDOREH#ETE LI ONTIE, SBRIAEDLET
b %, 134 131Cs [T L 2WNEHITITHOWTIE, £ DM EEMEL & O EDBKEIG
Birn, 3HUENNESWZ ERDbND, vAZIZE 5T, 134137Cs [T L 5N
WXL BT 20OV THRIAEDBLETIEH D28, B2 HEESE VL O

LEZABND,

2. ¥0s & PCs DMETRERED L

2 ODOBEPHREINTWD b OIWx LT 2 vy, i aeiE 4 Bk A
E72 5 2011 4 3 11 HICTHH L TIER L7z 134Cs & 137Cs D S et 2 7R 3
(Fig.5), WIn b 1IZiEWEWI Z ERhotc, SEOKEBEIZL>THED
SN MEE Y Y AD 184Cs & 137Cs i EIIZCOWTHESIN T — ¥ %
DL, REHZOMICHRET S L1F1FE 1.0 £72> TV T(13-14), Fx O M E
LW hd ZhilEWEZHTWDL, 202 &iE, bttt
DANRTXRTELLT2011E 3 A TAEEBE-JRFAOEETLO KB ST
HLOHEKTHLAREELZBIRBL TS, BCs OARRHBINTNDH O
oW TIE, MORAEFRNDLO B7Cs THDHELEXDBNDLN, T OREITIK
<, TRTHYUFEFERFRBREBELLELGEICHFFIND B4Cs BEIXZ I HIT
<, BMHRAZ FTRIoTWS EHHENLIDOT, ZThdb, &L THERBEX

T D AR D D,

3. BEF—RFHAREFI S DES DR

Fig.5
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3.1 KK MR 247

ATEl O A (3-4)TlE, BRI ER/RROFTIE, 201144 H 6 H~4H 13 H
B WBEOBRMNESM RISt ER L, £ LT, 20114 4 H 6
H~4 H 13 B —#EOM®EH IR HIEIT L2ZO2EK OB K0, it
HEEFEITEEBETPORIFICEER K LETHAD 2L bhhole, LRI
134.137Cs SRR S N HIICIE, HZBEETLL OB ITA 20D T, wWolo
A EIZEE LA RRE L LR R LEEWREERH D, L, Ik
ELEEEIIYEBRENHLIZ oML TWVWDLZ &b, HiZdEENEL
SRIFFADICELD L9 R RAAFTRBMBEGEON LD TIERWNLEE XD,
BEDOE I, TZOLIRIBBHBMITZEOLNR 72D T, BHMHEEENMRE L
TEREHNCB L TIE, WMEH R OREFTNH D ORKAT T RBHR L RO KK

% BN O 5 = o L, Bt L s,

3.2 BEE—"RFHREFOLEDOXKATA R

WEE BT HRBEBITALHKE 37.421572°H#% 141.03261°) D EZE0 5 O KA
A7 BB 22 G~ 7z, 134.137Cs SR S N BRI M O£ 2 2 AANICH I L
ZbONPLHEBHMOKDL 1 HANICHELEZL OO~ %77 (Fig.6-9), —
ODOIZONTOENENDOMRMITHERLAP R Lb0E2 12 R I & IZRL
TWd, MERFOEEITOmMm ZEIRLZ, BT 5REMIT 72K Z2HE L7,
KEHMPOER EZETIE 1 HRERETI» S0 T, #RUHM oKD 5 1 H AL
OB TR OS5 bR EZICET L2 LITEFEALERY,
184.137Cs MR S - BB I %t s 9% 2012 42 6 A 11 H 11 KE(UTC 2 ¥,
LFR U)~19 H 11 K (Fig.6), 20124 7 A 23 H 11 Kf~31 H 11 Kf, 2012 4
10 A 8 H 11 Bf~16 H 11 K (Fig.7), 2012 4 10 A 21 H 11 FF~30 H 11 Kf,

2012 4 11 H 26 H 11 WF~12 H 4 H 11 K, 20134 1 H 21 H 11 FF~29 H 11

10

Fig.6-9
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B (Fig.8), 20134 2 H 5 H 11 H~12 H 11 B(Fig.9IlciX, @& » S EIK 5

~ O BRI 2R 0

3.3 RBREZLANSZRROVDHFNDLEZD KRR LA RIKE

RIBRFEBLIORDSEREOKRDEE Om (2 M09 % GBI 2~ 7,
184Cs, 137 Cs B SN HBMMICEET 2 b 00— % 7~ 7 (Fig.10-13),
—ODOKIZONWTOZENENOMITRNERANERD2bO%E 12 K Z L IR
LTCWD BERFOEEIXIOmZEIR L7 BT 2RFEIXT2RFEEZEE L 72,
FWR K5 T 134.137Cs A S L7 BRIV T % 2012 4F 6 1 20 A 11 K ~13
H 11 B (Fig.10), 20124 8 H 1 H 11 #~7 A 25 H 11 ¥, 20124 12 H 5 H
11 Bf~11 4 28 H 11 FF, 20134 1 A 30 H 11 Bf~23 H 11 B (Fig.11), 72
SERROKT 1B4Cs R SR TH 5 2012 4F 8 A 1 H 11 K
~7H 25 H 11 FF, 20124 10 A 17 H 11 B~10 H 11 B (Fig.12), 2012 4 10
H 81 H 11 #~10H 23 H 11 B, 20134 2 H 13 H 11 K ~7 H 11 K (Fig.13)
Do L, 2012 4 6 H 13~20 H R KFHE 4 (Fig.10) & 2012 4 10 A 10~
17T BARNSEBREOHEI S METEX @ 24, Fig.12)I2iE, BEFRILL 2 H D

FEBFRR 2N R 52 25, MICIZFEEATE S 225 OB IT 20,

3.4 RAFRHBRAMEBMHAELI DL

REHT TR & KRB HFMWBFEROSHICELY, —MERNT, &EF K
FHRETPOLDORIAPDEERERETRD Z LT, BRI W ERDIroT,
L, 134Cs & 137Cs O JRH B EHLIE, X T 20114 3 A ZAICmE T —
R OWEEHPOHRESNIZbORKRTHLILERBRLTVWDLIOT, GRE
D184 137Cs . FZ T 7 B Y VR REICIA Y D HE EICBE T L, OB 0 F F HiF

HELTEBCHRELEZLD), =72V LOoFE RAPICERMBE L Wi

11

Fig.10-11

Fig.12-13
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2, WL ThrEELZOLND, LA LEBEEROIX, HEBEDO KX 2 KA
TEERICE S TELLLBZALNDD THBICTED , b o LD LI MO AERR
KOLOBMAZENDT2H,137Cs DILRPEHEDLEFZEZADND, RFEKRFAHA
CBWTH, ESEND B1B1Cs NRIPEI TV DH, 7oL 21F, bik 32.7862°,
W% 129.8662°T 20144 4 A 10 HICERB L 72 &8 5 1%, 2.1910.23 Bg/kg
7 134Cs & 5.561+0.27 Bg/kg ¢ 134.137Cs (FLERIRAE, BEH#HE) AR h
TWa, 2Th% 20114 3 H 11 BICHBE T 5 &, T Z£h 6.19+0.66 Bg/kg,
6.00£0.30 Bg/kg & 720, 12T 1 : 1OEARERD, o T, ZhbORESEME
BEND 1B34137Cs 1L, Ko nEEBFREFREBHREHENMNEIND, O L
O3 AIE, M EIZIXTELPNIC 134B8Cs N HEFE L THBY, 2o HEREL T
TaYVIZEANLZARBEITISEWEE XD,
K% SR (Fig .10-13)% /L5 &, Z < BB b & ok 2 KRR

DIVFEHLTEY, 184Cs & BICs ODMKRDPHFHEICLDZLEREL RV,

SOMS LIV LLRRBEERICETI2ESRFR

HEEHERICBST2ESBIGENHMBEL 8o TW5(10), K636 % F ik
SRV BHIN T HEEDEN P - =LY, RROERICE D EL BTG
DB IRIRRN 0 DR ZH S NI L TS LD ATREERH 5,

RIS ERROFO=T v Y L0 PIXE G I nid, ittty v oo
K L7 20114 4H 6 H~4H 13 HIZ Fe, Mg ORENREHI 2> TEBY, &
WHEDODEENEHRIIKATNDIZEEZEZIOND, LALAERL, —HF%ZD
2012 4 A 4 H~12H b Fe, Mg DRENHWV, 20124 4 A 2 H 11 KE~11
HOW®EE— R BT 220 5 ol s i (Fig. 1 g, w6 @
STIHEHWARW, 2B, 20 —EHIC 84137Cs bR S TWiawn, LER- T,

Fe, Mg O miE X, T & L THEIEFE T 134137Cs TIHH S TV 5 HUH Ok

12

Fig.14
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TIE 72, Fe, Mg O R K IFHEEHEO BN THLE IV, 20114 4 H 6 H

~4 13 HOEREDOFRRKIL, MICHDAREENDD I LERDbhol,

OB ENEMNES ~IBEEDMHESLEOREE

WS E R IR BT FERS TIX, SN S T O Y B O IS AR AE
L7z Z< —EThH Y 137Cs 1T L TIE, 0.85% & AL b T 5 (15), £
7o, KRERHICHHE S BB EME O N0 O 505l Eizmh»os72(16)2 &

LERTDE, ABRFEFINFEIDEZ oG EICH EICREVIESHENEDE O
WEE, ARIBIH S AZIREO 100 520 B LR 2 ATREMER & 2, RIZ 100 fi%5 &
7o 234, Table.2 kv, 34Cs & ICsic k2 WESHIZ < BB IZR K 6 A
T38uSv THY, 2B MRIC T FEMB VTS 230 uSv I L bn, — 7,
TT T 4NZICEEDL T r Y VDO REIL, Table.l XV, 7x107Bq/kg & 72V,
210Pb D 1005 A L &7 26, BEE A BT D7D ORI R BB LB L 72 5,
Fo, REEEOBE L PCs & P7Cs T 1200 Bg/kg £ b, TOZENDL, B

TEM O EEITRAEO BB EUEM D 100 Bg/kg 2258 bbH D EEZ LN D,

w W

EmEE R FARETFELIC L > Tl S 2B Y E L, 1140km BEh
TERIFICETHELRCBELTVD, L2ALRKKOBAERIC K2 NEHEIE
CHMEBEIFIAERAOEENEHCTCELIMAT2bDTholc, =7 v AVREFE

ERBEMO 7 4NV E =R ETITHEERIRLERRBEICR T EEZEZILNLD DN,
FHHHRTRORABHAMEDEIC L 2GBEOIZI B, &b AFEMNIC
i ENLETHDL EEZDND,
FERFIFEE O FHENE Z » 251, M EICBY 3 KEEYE OB E I

BN S NTZERED 100 5L ELE D EMENS DA, 1000km LL 7=

13



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

WTIE, RROWAEBRIZEA2HNFHELIEIZo>0 b &b P¥4Cs & 1¥Cs
WX o THEHFEM 1uSv 2B RN T VP nwEEZEBZXND, Ll b, %
MR OTT 7 4N Z R ETITfEARBRBEL_IVERDIEND DD, £, B
EW O EFEITHAAEOBEH LMD 100 Ba/kg Z B2 2B N3 H 5, fEEHE K
T NEETER L FREL B ) E S B ER AT L, £ 1000 km DL

FOFEBICEA T RVWHELILSBNDL LD EF A D,

A

ML XTI NEEZ ORERZREN T, RFRKPRFBKE -

[y
S

REMTFREMERNOFLESLHBE DO T 2T LXVEHTZLET,

X

(1) Endo S, Kimra S, Takatsuji T, Nanasawa K, Imanaka T, Shizuma K.
Measurement of soil contamination by radionuclides due to the
Fukushima Daiichi Nuclear Power Plant accident and associated
estimated cumulative external dose estimation. J Environ Radioact
2011;111:18-27.

(2) B+ B ZE B a2, kH KR =229 v 7K #&
http://radioactivity.nsr.go.jp/ja/,f % 2012 4 8 A 1 H.

(3) HE MR-, Em LR RATREWEICE £ D PR AL FE
L& E oL # o BLE. NMCC 3t [ R A F 78 sk R # S0 2014519(2012 4F):
126-159. http://www.jrias.or.jp/report/cat5/620.html

(4) Yuan J, Zeng Z, Takatsuji T. Radioactivity of the aerosol collected in

Nagasaki City due to the Fukushima Daiichi Nuclear Power Plant
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Fig.1 The place of Nagasaki University and Nagasaki Prefectural Forest
Park, Fukushima Daiichi nuclear power plant (The distant between
Nagasaki University and Fukushima Daiichi nuclear power plant is
1139.44km. The distant between Nagasaki University and Nagasaki
Prefectural Forest Park is 19.14km. )

Fig.2 Specific activity of aerosol collected at Nagasaki prefectural forest park
and Nagasaki University

Fig.3 Radioactivity concentration per air volume from 23 Mar 2011 to 13Feb 2013
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Fig.4 The mass concentration of aerosol per unit volume of air from 23 Mar
2011 to 13 Feb 2013

Fig.5 134Cg/137Cs activity ratios for samples both nuclides were detected
converted backward to the value of Mar 11, 2011.

Fig.6 Air forward trajectory from Fukushima Daiichi nuclear power plant
between 11 and 19 Jun 2012 (Total run time 72 hours, start 1 new
trajectory every 12 hours). The curves indicate trajectories that start at
different times. 134.137Cs are detected in the aerosol collected between 13
and 20 Jun 2012 at Nagasaki University. The left is NOAA and the right
is METEX results.

Fig.7 Air forward trajectory from Fukushima Daiichi nuclear power plant
between 8 and 16 Oct 2012 (Total run time 72 hours, start 1 new trajectory
every 12 hours). The curves indicate trajectories that start at different
times. 134.137Cgs are detected in the aerosol collected between 10 and 17 Oct
2012 at Nagasaki prefectural forest park. The left is NOAA and the right
is METEX results.

Fig.8 Air forward trajectory from Fukushima Daiichi nuclear power plant
between 21 and 29 Jan 2013 (Total run time 72 hours, start 1 new
trajectory every 12 hours). The curves indicate trajectories that start at
different times. 134.137Cs are detected in the aerosol collected between 23
and 30 Jan 2013 at Nagasaki University. The left is NOAA and the right
is METEX results.

Fig.9 Air forward trajectory from Fukushima Daiichi nuclear power plant
between 5 and 12 Feb 2013 (Total run time 72 hours, start 1 new trajectory

every 12 hours). The curves indicate trajectories that start at different
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times. 134137Cs are detected in the aerosol collected between 7 and 13 Feb
2013 at Nagasaki prefectural forest park. The left is NOAA and the right is
METEX results.

Fig.10 Air backward trajectory from Nagasaki University between 13 and 20
Jun 2012 (Total run time 72 hours, start 1 new trajectory every 12 hours).
The curves indicate trajectories that arrive at different times. 134.137Cs
are detected in the aerosol collected between 13 and 20 Jun 2012 at
Nagasaki University. The left is NOAA and the right is METEX results.

Fig.11 Air backward trajectory from Nagasaki University between 23 and 30
Jan 2013 (Total run time 72 hours, start 1 new trajectory every 12 hours).
The curves indicate trajectories that arrive at different times. 134137Cs
are detected in the aerosol collected between 23 and 30 Jan 2013 at
Nagasaki University. The left is NOAA and the right is METEX results.

Fig.12 Air backward trajectory from Nagasaki prefectural forest park between
10 and 17 Oct 2012 (Total run time 72 hours, start 1 new trajectory every
12 hours). The curves indicate trajectories that arrive at different times.
134,137Cg are detected in the aerosol collected between 10 and 17 Oct 2012
at Nagasaki prefectural forest park. The left is NOAA and the right is
METEX results.

Fig.13 Air backward trajectory from Nagasaki prefectural forest park between
7 and 13 Feb 2013 (Total run time 72 hours, start 1 new trajectory every
12 hours). The curves indicate trajectories that arrive at different times.
134.137Cs are detected in the aerosol collected between 7 and 13 Feb 2013 at
Nagasaki prefectural forest park. The left is NOAA and the right is METEX

results.
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Fig.14 Air forward trajectory in Fukushima Daiichi nuclear power plant
from 04 Apr 2012 to 11 Apr 2012 (Total run time 72 hours, start 1 new
trajectory every 12 hours). The curves indicate trajectories that start at

different times. The left is NOAA and the right is METEX results.

Table .1 !3**Cs and '*’Cs detected in Nagasaki (Bq/kg)

Table .2 '34Cs, 37Cs and 2'°Pb detected in Nagasaki (mBqg/m?®) and evaluation of internal
exposure in each term. Effective dose coefficients of '3*Cs, '3’Cs, 2'°Pb (including
radioactive equilibrium 2!'°Bi, 2°°Hg and 2°°T1 ) and 2'°Po are assumed 2.0x10°%,
3.9x10°%,1.2x10°° and 3.3x10°° Sv/Bq, respectively according to ICRP Publ.72. 2!°Pb
and 2'Po are assumed radioactive equilibrium. Respiratory volume is assumed 22.21

m?/day.
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NOAA HYSPLIT MODEL
Forward trajectories starting at 0200 UTC 11 Jun 12
GDAS Meteorological Data
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Fig.6 Air forward trajectory from Fukushima Daiichi nuclear power plant between 11 and 19 Jun 2012 (Total run time 72 hours, start 1 new
trajectory every 12 hours). The curves indicate trajectories that start at different times. 134137Cs are detected in the aerosol collected
between 13 and 20 Jun 2012 at Nagasaki University. The left is NOAA and the right is METEX results.

6



NOAA HYSPLIT MODEL
Forward trajectories starting at 0200 UTC 08 Oct 12
GDAS Meteorological Data
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Fig.7 Air forward trajectory from Fukushima Daiichi nuclear power plant between 8 and 16 Oct 2012 (Total run time 72 hours, start 1 new
trajectory every 12 hours). The curves indicate trajectories that start at different times. 134137Cs are detected in the aerosol collected
between 10 and 17 Oct 2012 at Nagasaki prefectural forest park. The left is NOAA and the right is METEX results.
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Forward trajectories starting at 0200 UTC 21 Jan 13 Forward trajectories starting at 0200 UTC 28 Jan 13
GDAS Meteorological Data GDAS Meteorological Data
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Fig.8 Air forward trajectory from Fukushima Daiichi nuclear power plant between 21 and 29 Jan 2013 (Total run time 72 hours, start 1 new
trajectory every 12 hours). The curves indicate trajectories that start at different times. 134137Cs are detected in the aerosol collected between
23 and 30 Jan 2013 at Nagasaki University. The left is NOAA and the right is METEX results.



NOAA HYSPLIT MODEL
Forward trajectories starting at 0200 UTC 05 Feb 13
GDAS Meteorological Data
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Fig.9 Air forward trajectory from Fukushima Daiichi nuclear power plant between 5 and 12 Feb 2013 (Total run time 72 hours, start 1 new
trajectory every 12 hours). The curves indicate trajectories that start at different times. 134137Cs are detected in the aerosol collected between
7 and 13 Feb 2013 at Nagasaki prefectural forest park. The left is NOAA and the right is METEX results.



NOAA HYSPLIT MODEL
Backward trajectories ending at 0200 UTC 20 Jun 12
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Fig.10 Air backward trajectory from Nagasaki University between 13 and 20 Jun 2012 (Total run time 72 hours, start 1 new trajectory every
12 hours). The curves indicate trajectories that arrive at different times. 134137Cs are detected in the aerosol collected between 13 and 20 Jun
2012 at Nagasaki University. The left is NOAA and the right is METEX results.
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0200 UTC 30 Jan 13
GDAS Meteorological Data
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Fig.11 Air backward trajectory from Nagasaki University between 23 and 30 Jan 2013 (Total run time 72 hours, start 1 new trajectory every
12 hours). The curves indicate trajectories that arrive at different times. 134137Cs are detected in the aerosol collected between 23 and 30 Jan
2013 at Nagasaki University. The left is NOAA and the right is METEX results.
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0200 UTC 17 Oct 12
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Fig.12 Air backward trajectory from Nagasaki prefectural forest park between 10 and 17 Oct 2012 (Total run time 72 hours, start 1 new
trajectory every 12 hours). The curves indicate trajectories that arrive at different times. 134137Cs are detected in the aerosol collected
between 10 and 17 Oct 2012 at Nagasaki prefectural forest park. The left is NOAA and the right is METEX results.
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0200 UTC 13 Feb 13
GDAS Meteorological Data
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Fig.13 Air backward trajectory from Nagasaki prefectural forest park between 7 and 13 Feb 2013 (Total run time 72 hours, start 1 new

trajectory every 12 hours). The curves indicate trajectories that arrive at different times. 134137Cs are detected in the aerosol collected
between 7 and 13 Feb 2013 at Nagasaki prefectural forest park. The left is NOAA and the right is METEX results.
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NOAA HYSPLIT MODEL
Forward trajectories starting at 0200 UTC 02 Apr 12
GDAS Meteorological Data
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Fig.14 Air forward trajectory in Fukushima Daiichi nuclear power plant from 04 Apr 2012 to 11 Apr 2012 (Total run time 72 hours, start 1

new trajectory every 12 hours). The curves indicate trajectories that start at different times. The left is NOAA and the right is METEX
results.
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Table 1 '3*Cs and *’Cs detected in Nagasaki (Bg/kg)

Time to Detection Detection limit
Place Week start and 134Cs limit value of 137Cs value of ¥7Cs 210pp
end 134Cs

18Aug-24Aug 2011 11:30 (3.06+0.03)x10° 0.86x10* (3.93+0.04)x10° 1.12x10% (4.52+0.22)x10°

13Jun-20Jun2012 11:30 ND 1.86x10* (2.07+0.53)x10* 1.56x10* (6.13+0.56)x10°

Nagasaki University 25Jul-01Aug2012 11:30 (9.07+2.30)x103 6.82x103 (1.9320.21)x104 0.57x104 (1.30£0.19)x105
28Nov-05Dec2012 11:30 ND 9.56x102 (9.41£2.73)x102 8.15%102 (2.16£0.05)x10°

23Jan-30Jan 2013 11:30 (2.100.45)x103 1.33x103 (2.37+0.40)x103 1.28x103 (5.10£0.07)x10°

23Mar-30Mar 2011 11:30 (1.72£0.38)x102 1.08x102 ND 1.36x102 (5.60£0.15)x103

30Mar-06Apr 2011 11:30 (6.30£0.12)x103 3.55%102 (7.06+£0.13)x103 0.38x103 (5.01£0.16)x103

06Apr-13Apr 2011 11:30 (11.2740.05)x103 0.14x103 (12.36+0.06)x103 0.17x103 (1.99+0.03)x10*

13Apr-20Apr 2011 11:30 (1.21£0.05)x103 1.27x102 (1.290.05)x103 0.12x103 (2.29+0.06)x104

Nagasaki prefectural | 20Apr-27Apr 2011 11:30 (1.13£0.05)x10? 0.12x103 (1.44£0.05)x103 0.11x10? (3.02+0.05)x10°
forest park 20Jul-27Jul 2011 11:30 (3.68+1.02)x102 3.01x102 (3.30+1.02)x102 3.46x102 (1.320.05)x105
25Jul-01Aug 2012 11:30 ND 1.53x103 (1.3240.42)x103 1.25x103 (7.34£0.51)x10%

100c¢t-170ct 2012 11:30 ND 1.93x10° (1.68£0.53)x103 1.59x103 (6.11£0.01)x105

230ct-310ct 2012 11:30 ND 1.27x10* (1.24£0.3)x10* 8.65%x103 (1.40£0.05)x 108

07Feb-13Feb 2013 11:30 (2.21+0.68)x103 2.05x103 (4.69+0.60)x103 1.66x103 (6.05+0.10)x105
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Table 2 '3*Cs, 1*’Cs and 21°Pb detected in Nagasaki (mBq/m?) and evaluation of internal exposure in each term. Effective dose coefficients of 1**Cs, '¥’Cs, 21%Pb
(including radioactive equilibrium 2!°Bi, 2%6Hg and 2°°T1 ) and 2!°Po are assumed 2.0x10%, 3.9x1078, 1.2x10° and 3.3x10° Sv/Bq, respectively according to ICRP

Publ.72. 2'%Pb and 2'°Po are assumed radioactive equilibrium. Respiratory volume is assumed 22.21 m?/day.

Committed effective

Committed effective

dose of dose of

3 3

Place Term 134Cs (mBg/m’) 137Cs (mBg/m”) 13405 and 197Cs 210pp 210pp and 219Po

(1Sv) (1Sv)

18Aug-24Aug 2011 (3.460.04)x10° (4.44%0.05)x10° (3.768+0.033)x10 (5.11£0.24)x10° 3.575+0.168
13Jun-20Jun 2012 ND (1.91£0.49)x 10! (1.16£0.30)x1073 (5.66+0.52)x10° 3.96+0.36

Nagasaki University 25Jul-01Aug 2012 (2.07£0.53)x10! (4.40+0.48)x10! (3.31£0.33)x10° (2.97+0.43)x10° 2.08+0.30
28Nov-05Dec 2012 ND (2.38+0.70)x 1072 (1.44+0.42)x10* (5.47£0.12)x10° 3.827+0.084
23Jan-30Jan 2013 (4.08+0.88)x1072 (4.60£0.78)x 1072 (4.06£0.54)x 104 (9.90+0.13)x10° 6.926+0.091

Nagasaki prefectural

forest park

23Mar-30Mar 2011

(7.44+1.63)x10°

ND

(2.31£0.51)x10°

(2.42+0.06)x10"!

(1.69+0.04)x10"!

30Mar-06Apr 2011

(2.61+0.05)x10"!

(2.9940.06)x10"!

(2.62+0.04)x107

(2.1240.07)x10"!

(1.48+0.05)x10"!

06Apr-13Apr 2011

(4.78+0.02)x10"!

(5.24+0.02)x10"!

(4.663+0.014)x107

(8.42+0.11)x10"!

(5.89+0.07)x10"!

13Apr-20Apr 2011

(3.7140.15)x 102

(3.96+0.16)x10°

(3.55£0.11)x10*

(7.01£0.17)x10"!

(4.900.12)x10"!

20Apr-27Apr 2011

(2.3240.11)x10°

(2.95+0.11)x10°2

(2.5140.08)x10"

(6.21+0.11)x10°

4.34+0.08

20Jul-27Jul 2011

(5.87+1.62)x10°3

(5.27+1.62)x10°

(5.02+1.10)x10°

(2.81£0.19)x10°

1.97+0.13

25Jul-01Aug 2012

ND

(3.05+0.98)x102

(1.85+0.59)x10*

(1.70£0.12)x10°

1.19+0.08

100ct-170ct 2012

ND

(3.39+1.07)x10

(2.05+0.65)x10*

(1.23£0.20)x10'

8.61+1.40

230ct-310ct 2012

ND

(1.85+0.44)x10"!

(1.1240.27)x10°

(2.08+0.70)x10!

(1.46+0.49) x 10!

07Feb-13Feb 2013

(5.06£1.57)x10

(1.07+0.14)x10"!

(8.06:0.98)x 10

(1.38+0.24)x10'

9.65+1.68
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