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

Prefecture

Shinji Tokonami®, Ikuo Kahiwakura®, Masahio Hosoda?, Kazuki Iwaoka®, Hiromi Kudo?
Yoshitaka Shiroma®, Masaru Yamaguchi?, Takakiyo Tsujiguchi®, Hegedus Miklés®, Ryohei

Yamada®, Takahito Suzuki®, Yuki Tamakuma®, Naofumi Akata®

Hirosaki University, Institute of Radiation Emergency Medicine®, Hirosaki University
Graduate School of Health Sciences?, National Institute for Fusion Science®

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. 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(Tl)
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.
Keywords

Namie Town, dose estimation, external dose, internal dose, airborne, river water, sediment,

ambient dose rate, radon
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Estimation of radioiodine deposition at the time of the Fukushima Daiichi NPP

accident based on residual radionuclide in cropland soil

Hideshi Fujiwara

Institute for Agro-Environmental Sciences, NARO

Abstract

Among the radionuclides emitted during a nuclear power plant (NPP) accident,
radioiodine (131]) is the most harmful because of the causal relationship between 1311 exposure
and thyroid cancer in children. Therefore, the activity of 131I in the environment and its
impact on public health need to be investigated at the time of an accident. However, a detailed
evaluation of environmental 1311 is usually difficult because its short half-life causes it to be
barely detectable after several months. Thus, the method of using long-lived radioactive
iodine (1291) to reconstruct 1311 deposition has been applied to understand the dispersion and
distribution of 13! released by an NPP accident. In this study, the deposition of 311 derived
from the Fukushima Daiichi NPP accident was estimated retrospectively based on 1291
concentration in cropland soil six years after the accident. Moreover, a part of the estimated
data was compared to the actual measured concentration of 13!I at the time of the accident to
confirm the feasibility of the reconstruction method. The estimated concentration of 1311 in the
topmost soil (05 cm depth) was approximately half of the actual measured value in the soil
because of the leaching behavior of 1291. Although 13!1 and 129 were deposited on ground and
considered to be distributed in the topmost soil at the time of the accident, half of the total 1291
in the soil moved to deep soil beneath 5 cm depth during the six years. By correcting the loss
of 129 in the topmost soil due to the downward movement, the estimated concentration of 1311
corresponded to the actual measured value. Furthermore, the 1311/137Cs ratio calculated from
the estimated 131] and the measured 137Cs in this study also corresponded to the ratio based
on measured values at the time of the accident. The 131I/137Cs ratio was low in the area
extending northwest from the Fukushima Daiichi NPP and was high in the area south of the
NPP.

Keywords

radioiodine, deposition, 1291, 1311/137Cg ratio
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Study for more accurate estimation of internal radiation doses based
on the contribution of short-lived radionuclides and more realistic

dose-coefficients
Sentaro Takahashi*
*Division of Radiation Safety Control, Kyoto University Research Reactor Institute
Keywords: internal radiation dose; short-lived radionuclides; dose coefficients; accurate dose estimation;
Fukushima nuclear power plant accident

Abstract

A large amount of radionuclides was released into the environment after the Fukushima Dai-ichi nuclear
power plant accident. As a result, many residents in the Fukushima Prefecture are concerned about internal
radiation exposure through ingestion and inhalation of radionuclides from food, airborne particles, and soil.
The purpose of this study is to estimate internal radiation doses, following the accident, more accurately to
alleviate public concern regarding radiation health hazards and to help enhance the efficiency of state health
control measures and victim support. The study was designed to estimate more accurate and realistic radiation
dose using the following two approaches: (i) Considering the contribution of short-lived radionuclides not
considered in past estimations, and (ii) using more realistic dose coefficients. During the fiscal year 2016, we
analysed existing data, reported in relevant documents and scientific meetings, and found that radio-tellurium
(Te) could pose a more significant radiation dose to people comparable to that of radio-caesium (Cs). Animal
experiments were also begun to estimate gastro-intestinal absorption rates and dose coefficients. In the fiscal
year 2017, the second year of this research program, the transfer factors of Te from soil to plants and the
gastro-intestinal absorption ratios of Cs were determined via plant and animal experiments. The transfer
factors of Te were 0.023 and 0.027 in averages for radish root and komatsuna, respectively. The committed
effective doses of radio Te, calculated using these transfer factors, were 18.0 and 3.2 % that of radio Cs for 5
years old and adult, respectively, at the south-east region where the concentration of Te was relatively higher
than that of Cs. The above-mentioned estimates are based on the assumption that these vegetables were
continuously consumed by people for a year after the accident. This suggests that the contribution of Te to
internal radiation dose was not very significant. Animal experiments demonstrated that the absorption ratio
of Cs from soil particles to the animal body was much lower than that reported in publications by the
International Committee of Radiation Protection (ICRP). This suggests that dose coefficients recommended
by the ICRP may lead to overestimation of internal radiation doses. In the following year, we will continue
to study the behaviour of Te in the environment and the human body, and work on identifying more realistic
dose coefficients for Cs through animal experiments and plant culture systems. Finally, we will estimate more
accurate internal radiation doses using the acquired data, and present them to relevant organizations.
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TWAIEMYE (XA MIE) 2237 (REWD) FEIZXO TV T LT, B
BOREIIJSCTIEHEDHTZY 1~6 FETZ oW T, FITARDFEEZ JIS Z 4504(2008)
ICHEL 10ecm A (100 cif) OFRHZFE UM S TH 2290 1 RIE RSB RPN ET D X
ICLTRHE AL, 9 R2AF v vFL— g fMmttes (JDC-5300, A7 2
AT 4 F3 v (BR) #H8Y) ¢ 134Cs, 140.0 -

y = 0.17x
1BICs NHDRX—H A 5~10 'g' 120.0 - R2=099 ¢
SHME L, —#oH 7L §g 10007
. . " 59 80.0 1
BT = NEERRIET B oo
B L Vo . b
HE LT RREL 75 2 BB
h=4¢]
ForvrFr—va i 38 200
SET N ~, o
OWEME OHBIRAEAZER L 4 0.0 v . v ,
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Radioactivity Cs-134+137 measured
with the Ge detector , Bq

-3 7 ~=7 L8Rk CHIE L7 6E,Bg &
TIAF I FL— g RHEEORIEE, cps & DARE



3. MR T AORE

N RAH A NGB OWERIR THrBE L 7212 OKREE HHRURE, MRS HBUBE K O UL & &1
W7 L~ = A8 KR HER (EGPC 50-195-R. Eurisys 184, relative efficiency 33.5%)
IZ & D 1,000 ~ 30,000 AEMIE L, Gamma Studio (DS-P600, &A 22—+ £ —V—7T
Fo— (k) #H) 12T 184Cs, 137Cs DE &M 21T o 7, BIHANFIT 152EBu OIEERIR
(Amersham International plc #EE)NE D=L F =27 o <RI L VRELTZ, 2%
VX —E— 7 ZhFIL 134Cs DD 796 keV, 187Cs 725 D 662 keV O A~ FRIZK L TEA
1 0.56455% . 0.6328% TdH 5,

134Cs DY DR O B2 Z T 720 X9 IR0y 5 7T0mm B 7R > b TRUE
DOWEZELITIRH> Z L L Lz, ZOKRA L MIBWT 137Cs ikt iE R FE SRR (Amersham
International ple #1:8%) % 0 3% UJIE U725 SRR O TAUTMEN T Sl S 3.5%
NIZBEXEo T, TRTORBOFLIZIZORA NI 0 EADETHIE LTz,

N AH A (20-63, 63-180, 180—500, 500—1,000, and 1,000-2,000 pm)i% 2.5-mL O~
A7uaFa—7 (NFE10.3mm &S 47 mm) ICANRBELZ, N7 AF A (<4-20 pm)
X, 70-mm ER D PTFE 7 4 /L% — (polytetrafluoroethylene filter) (Zff35 L CT\W5 D
T, 74 NZ—% 3EHT>T 18 DY A RNZET/HhE < UTHIE Lz, AKE MR O
BHREHIARY F2—7 (N 154 mm &S 94 mm) ICAFVEIE Lz, FREREHI T Z
AF v 7 OFFERERBNOA Y v b (IF 29 mm JEE 5 mm, & & 15 mm) (25 - 72 RIEIC
RoTWVHDT, ZHNEME L, HRBOEHZOIIR L A ZIFRR2-> TN D, kD
BRI DL E, HERA Y FTOMENLTNNREL LD, KRR KEDOFBHI X
H3N%E, 25 mL O~A 7 aF a2—T7 A ORE 1/8 OV A XV A7 4 V%
—iBh WY Fa—T A OFEHERE, 77 2AF v 7 OFBERERAY v MCA - 72FE#E
B EIITK LT, -5.8%, -3.4%, -5.6%, and -3.6% & #FAfli L 72, /KA HEUEH & O RR YA
HIFREEOEIGREHZ DWW T, 100~200 pL #Z 0B L CTRIKY > F L —4 4 mL
EMZRE o TFL—varhvy

# (LS- 6500, Beckman Coulter, Inc. 3 2007 y =0.39x
3 - R?=0.99877
#h#l) ¢ 184Cs, 137Cs MHDR—FFR @S 2000
% 20100 HRIEGE Lz, —HO¥> FF 100 |
TNEG =G AR ERINGET S8 ]
BSE L C OB & G L itk > 7 E2
L—varhvrrolERE ol §
Eg Egi& %,ﬁzﬁk L/ f:O TB Bg B'g,f;?: %—f H -4 e 0.0 10(').0 20(').0 30(').0 40(')40 50('10 60(.).0
Kﬂ?ﬁ‘o Z ﬂ%ﬂ%‘ % \VC{TQMK‘:/‘/? L— Net counts measured with LSC-6500, cpm
Taryhw X OREUED O R BE
DIz R DT, O-4 Fb~ =10 XS8R & CRIE L7 EE,Bq &
Wik o FL—2a w2 OREE, cpm & OFFES



FERNNELZFOZT O X, DA — KA 37 2 —% W TRIZRR (<0.25 pum,
0.25-0.5 um, 0.5-1.0 pm, 1.0-2.5 um, 2.5-6.6 um, >6.6 um) (T 7 4 L X —TCHHE L, ThZ
NOT74NE—=IZONWTTTAF v 7 rFL— g fmttds (JDC-5300, AN T 10 A
T4 Hv (BR) #EHL) ¢ 134Cs, 137Cs /B DOR—Z % 60 ~ 100 3 FHAIE L=, —#BDH
YINET I =0 KGR A CHE L TSR AR S T ATy s FL—
a RO RIE M & ORI BERE SR A 1ERL L=,

AWFFENT THER L 7o @Ml 7 b~ = U AR H AR D &= L — B — 7 ZhR-ITHNd
D EFY 796 keV(134Cs) T 0.5455%, 662 keV(137Cs) T 0.6326% & K\, ik T L—v
AN UERNTTAF I rFL—a CRHEBORBIRITEN TN 95%LL E
) 40% & 7V~ =0 AEERRHHEIC AN TIE S MSE W D, 22T, A7 AHCER
BN D 3B - FHHE ST RE MR WA =7 1 L7 ¢ L H — 2OV TIE, RIE
VUFL—va B NETTAT I T L—a UiElESREAWTHIE L, K
FREDMEAT T 2 7V~ = 0 L8R s TIT - CEERHE L 7=,

REFHHEWEDOE =4 72BN TE, HEOREBRLGICBW T, KT
WEEZ A EIZECALZRL, X, ELABRROVEE CTHRAMYWELZNET 5, 20
e, BRICHFET DT Ry ba U AR L2 ENBEE 5, 7Ry, bR
VAR O S B, HEORE WEREMIT, RaBC14Pb) KO ThBCR2Pb)TH Y, Zih
ZHOREHIL 26.8 /0L 10.6 Kl TH D, —F . KFEHNZEICIB N TIT > TV D DT
PV TETHY  BHIC T RS, JIEE TIEY T » AU ERRE LT
WA (RFEOHIFIIBAGR CTHE) | BB O T Ko - b a U REA R IE 71
WELTEY, TORELZEHATCELLE2OND, £, FA~=U LRGSR EHEHAL
BRI ERPIAFAET DT R - b A DN~ WE R O DT D72 B i &8 - T
WEBIZIRE L CR D ATREMEIX S D28, AFRTHEMA L T 7 v~ =0 Mg IR E
TAY b= HEARENICHE SN TS OFEAIE LCTEARERRESNATEY, 7K
Y. o URREARMIIENICEE S TIHEFIENL XL TH L LB HND,

(i B~ D B f)

A TIE, HADEFHNOREEITI -, ZORRICITMABFERN G EN D, Mk
BTz o T, HALRFERZHERNCEBIT S e M aXtRETHRICET 2 mEH A
DERETTICZITTEBY, AEOHFIEITARELZ T TZUTOFIRIZL D,

s L<IEFE@BOBAIC LY [FREDO BRI E HEOWHIB LOHRE~D 2 ) O BkE
W) L, FEAZER TR L, ERIEEL TV 58 13ERA~OEH &K OHIERF O
MHERWITEBEREZBEL TIT O, BHATRRICOWT, #EBRE I LBREE RO B D
a5,

SHIT, HADAME~ORETEL LT, MFRFEMICEL TE, AMOBEHAEERERS L L &
HIZ, EADAHEDOREIFFE SUTFASAIRIS TR L TEET 2 2 s 2 AR L, EA



THHROREDRILZ 130D
Z D7 O HARM 22 Bl % L F IR,
OWBREIIANDOHHAEECTER~DORE., HREZRET DL ENTE D,
OHBRE IO THARAOHBAEECTEROFIEZRETE D,
OFEBREIL, HBRE DO NMEELEE L, ERE THOBROFAECILNT, HHREDT

FTAN—DREL BT D,

OfE NG #IE T/ E A DRI E RO D 2 & & L A AR BISMIIT AW 220,
Ol ATEHRFIH OB L, HADFFEIZESL Z L3R WE I ICEET D,

III.  WFFEhRE 5

L (EXRNEEEE Y Y AOREGHEE  REHEH IR OHEE - J7m & OBk

AIT L (bEHoTo) REOBNER D72V O~ — Ml A o 1 B3 w115 G
DIERE (REGREE) A, Ba/en®) ZR(ICEVRDTZ D,

A, = (nn,) / (B0« ¢,*F+S+ &) (1)

ZZTC, nTAIE SN AR (ninh), n I v I T 72 REHEE (ninh) . e 13N
— AR SRR g PSS ID 23, SIXSE WY mfE (en®) . ¢ 1T BORHMERETG
PeOMPNFEERT, ER Lz tB0 | 5OV 7N E s~ = o A EE R g (EGPC
50-195-R, Eurisys #L8) THIET 2 Z LI2 L 0 _R—Z I X DR OMEMA T 2170,
ERE (e x e )Z&RO, FETY 2h=ITH Y K UL STV EIZ K - TEHITHMm L 72
0.75 # iz Vo RRHBRAEIZR (2) 12XV ko7,

N,=3/2+ {3/T, + [(3/T) 2 + 4Xn,X (1/T+1/T,)] Y2} (2

Z 2T, NG IBHRAEEER (epm) | ny (Z3y 7 77 00 FEHEER . (epm) T, 1358}
WEREHE  (min), TEAy 7 77 v o RRVEFREF (min) %3, T, | T,1X& H1Z 5~10min
Th b,

MI-1a, b, ciZ a:fi~dbi S5 (KII-2 OFEEELD) . b G (KI-2 o4 1Ly
IR . TR TOFEFRICE T HREVGYEIE (134Cs+137Cs) LB EH R O O HHEE &
ORRE R, REGYREE LT REEZ ~— 27 THUSME (Q1-Q3) #/ 3\—TZhZTh
AT, KII-1a:li~4b Pl Hm OFEZE T, BEEITOEFE 2 BT, RILITOEZH 2 € TR7,
FEHHREIX 20114 3 A 11 HOEICHEL TH D,



REFLEE [Bg/cm?]

10.0 y = 4.02x? y = 9.78x2118
R? = 0.34652 R? = 0.819
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o
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BEFE-—ERNMOERE [km]
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L ESTET

KI-2 FHEEFOLFT



BIIM-3 IZ&EFR & ORIEH (CO2 BERIIEIZ X VRO, FEM 7R F3

A OWE I (X2 REVEYEE (134Cs+137Cs) A7, CO2 & MEIZIZH

UIREEIZZR D X ) ICHE, PRV &2 L7- 9 2 CTHEADRKRIET COllES (Lutron Electric,

MCH-383SD) 1TX Y 14rZ &2 CO R ZERFMIHIE Lz, £/, HIEDHT#E TRI D

CO2 IREHHE LT, 354172 CO2 DENIMNREDES OB A IFHEAR T 4 v T 4 v

JF 5 L THEEOBRKIEE & RO 7=, K5G8 L IL P RAEZ ~ — 7 T W 4y i
(Q1-Q3) Z AN—TEZNLIURT, HHHEIL 201143 A 11 BOFEMEICHEL TH 5,

y = 0.27e037%

= 10.0 R2 = 0.00836
E . é
O
~
o
o

1.0
2
it
2K
0.1
1=
e

0.0 e B s o

0.0 0.2 0.4 0.6 0.8 1.0

BEEY [E/h]
K-8 3~ TOEFRITIIT D RETGYEE & 5

2. REGHENDOTT 1Y )VEZERE O
FHPERE K (m) (3R b 25T R~ 556 Th W K@) TR D,

K= ZE5H el E (Ba/m?)/ (BN R iET5Y% E (Bg/cm2)x104) (3)

FERORBRER LIRSS T (o 7 v U RIBERE. FEA S @R . % 0307
GREHMRET) OIEETICH A r— RA L0 B —CHIE SN 7 v YL GEM7R i
SrPAFZEE OWAEEICTE) BRRE R LA DR E VT, R HSTRER E (Bg/m3)
RO, FAEFD 137Cs HD 4347 O i defE(Bg/em?) & BN R G YEE & L CR(3) THE
R K (/m) ZRD7z, 22 BETRER EE & R TG Y D 137Cs OREITIZIER RIS
T TWVWAHDT, BICs IZDWTHEM EIZIT- TV, K -4 2/ FEF D & RmiGYs
FER Yo x LT ey b LI FRIEREL K 2ond, K, AT 0300, ot 7 v At
BrEg. mFEE AR ORI, FEROF N 3TN n=35,17,6, Mo NifibH (Q1-Q3) %
W CEHA L7 BlEfe i K 23— TR L e,
kiR (<0.25 um, 0.25-0.5 um, 0.5-1.0 pm, 1.0-2.5 pm, 2.5-6.6 um, >6.6 um) DOZEXH
B e (Bq/m?3) & FE {5 YL FE v shfilf & O C(8) THRHZIE RS K (/m) 23k 7=, X 1T-5
WZEZ 0 FOFEEL 10 TRT, MF, ANZINT, oA 7 v Afmbri, nFIEHRH

9



bri% (Z1 21 n=35,17,6) Cd, 7B, SEHOEEIZBWT, BAD

g =
22X

O TR RE R L

ZEEI L2, (6 BFE~30 KD 7V ) T RTOEEBICBWT, T XTORZEDOT

7 u Y L TRHIRFLLT TH - 7,

1.00E+00

1.00E-01 A

1.00E-02 A

1.00E-03 1

Bics BEFERE [/m]

1.00E-04 A

g gy |
ik

0.1
Bcs RMFLFBE

1.00E-05
0.01

M-4 ARiROTT > Lo % Fv
Wkl T7 ey b LI ERHR R K

1 10
[Ba/cm?]

TRkl L7z & & 0, Fimnih Y FE R E

ANFZXNRT, oA 7 v KRk, mF T bRk
1.00E-02
- A - N\BEA
- @ —HoOL iR _,l
T - O-REARRRE w
: d
1.00E-03 s
#i o
L5 -7
& - -~
Bt ittt bl ¥ b ™ RSP NS Z
I'E -
8 1.00E-04
1.00E-05

<0.25 um 0.25-0.5 um 0.5-1.0 um 1.

BFE Dp

-5 RO T o Lo¥its A
Wkl T ey b LI ERHR R K
AT oA o ARl =

10

Bz

0-2.5um 2.5-6.6 um  >6.6 pm

[um]

Al L 72 & & oo, BT e B A

Rk



3. AA—VUTT VL= MIEDEETOEN LR OIS H W OS50

BEERT OEFR T F R ORITET O 16 FOFF 23 FICB W T, X &N, R iwkk, Rk
BT OFEEF, BECHE > 72 A8 (80 x 150~160 cm) (2775 L 7= W E o 45 Aii &
AA=V 77— FTHE LT, T bk 5em Z & OfE T PSL OFXtEEE 7 v v b
LR A2 X -6 12T, mSHMICHERSMAEFELTEBY, "FXNFICLD Erso
HETORERRENEEZEZOND,

100

80

60

A% 3, %

40

20

EMSDES,cm

K -6 1X7=& 080, bk, GRBsEn ) oEEFh oV BN N5 L
A_AEA A= 7T — N THIE

L (EXRNEEEE Y Y AOREGHEE  REHEH IR OHEE - J71m & OBk

MII-1a, b, ¢ DFE~JLVE LW, FEE AR, TXTOERICHBNT, @EHJZEIPH O
PEBE & REVGREE & OMIZO 2002 BB N BE Sz, MEH—RmENL DN
M K 22T By, II-1a: P8~ Ak v J7 18] CIIMBERT & JRITHT & 2 @551 L TR L
7o B3, IRICET C ORI & L&, KIS RT LOCHERILIZIEF) NIV 4 TH D
FOICRA D, b HIRIIH TITME B — R0 b DOl & OIS\ T, KimiG%
NN L) LRL@EmOICH DT ENRENTEY, HE T Vv — 2 0@ R -CE -
7l OBRARR E NS, MI-3 1%, REVEYREE & BRI R RN & %
RLTWD, BFROCHORENIZSEHG =7 )V — b ETH D, LORVHOBEND 3 DD
F—HIFEAFEEDO 1, 2, 3 BEICBIT D b0 TIEIER UHBEREEKZ R L TV, A0k
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WHOFEN O 2 BT 1 BCITBREEIT 3 f5LL EZnotz, L Lanb, RuiGYH
FEIZEITRO bRV, —F, FOHOMRNOERITHK TP Vi, ZoERITE
BEHE—IRHEN D 1.6km & FHAER O T—FEEH —RHITEWIERHICH V| FKis Y
EITREEREOT T—FEV, ORI ERENOIGGR L ~VITHERER O T L — s
WIRFIZRE SN TNWDH I L ZRBTHHDOTH D, 7272, RPFEICB W TR O M
TiX 1 BEL2To T, BRBSITET), BEAEZ BRI L VK EN LT
LTENMLN TS0, BRI E OBRICOVWTIIA BRI LR IRaEET 5,

2. FREIBYHDOTT 1Y LR O T

B -4 (27 v Y )V EREOEEZ W THEER Z L RmGREEPRMEICH LT e
v b LT BiER s K 27" LTc, 137Cs B IER AN R TG Y5 IS5 LT 2 00 e i
BICH D Z EBRENT, FEREREEIto 1 7 v o Rimbi, FERRBREIEERIC
PN 30T 08 LR, 137Cs R IER S (m), FEME =10 1%, ~Z X208 (35 7) @
BAIZ 6.54E-03 £ 5.56E-03 /m, YA 7 1 v Admbit (17 7) OB 412 9.36E-04 + 4.48E-04,
FIERfERRE (6 ) OAIC 1.34E-03 + 3.15E-04 & Fifli Siz, 7272 L. FREM R
YA 7 m AR TITHEE S ZET X T TRERFMELL T TH Y | 1/2 OE THAf L
TWo, M M-5 (2x=7 1 VRO A FVWC, REGYE LR REcxi LT r v b
L7 BRI K 2R Lo, ANF 0500 TIRBERERREUIRARIZFEBE L TR 0 | RN K E
K DIE EFRIARENREL RDBMICH D Z EER LTS, Thud, KR/ SN
IFEENZER 1 m3 &2 OSEMEV (=7 1 Y LR OB REIZ DV TR 5EE O
HETHIM,) kb, FEMARBREE VA 7 v AR CIEMEAIEIE TR TT
RHEEAELL T CTH Y | 1/2 DETHHI L TWA 728, A~ X0300F LRI R ST
[AYAJAN

KIEGYD D DFIFIRENC OV TR, FRKEROERICE T 5 AEEEM LD T —
Z A - Bl L 72 A 1T A E TSR <L DU RRAE BEOD 72 O OB B I AT FE DS
TN TE7= S, FT RO E S L 0 IR SN BT ClEE 4T 2854, 5
YO FFEENET X 2 BTG YN A REH EORBE L 7 2B Th 5D, Bl - IR
FEM R T AALEE T8 HOARIE - AR ST O KUERIFZE AT % O & R AU B ESE C
HIEENT2T — ZIRITRO BV RERE R CIX. FRERE O FH 22 6P & L TR
DRYHIEMEERT 1.0E-7~1.0E-5 /em, 7V b= A% %2 B 5 /¥R 1.0E-7~
1.0E-6 /em L #HESINTEY ., I b % F LD THFZERKITE X% 1.0E-7~1.0E-5 /cm
ELTW5 9, T7bb, 1.0E-5~1.0E-3 /m THDDTLEILDONF FNITDOHE DK
6.54E-03 + 5.56E-03 /m L2 KV R D mWEBfE L o> TWnWD, ZoOHBEE LTE, &
TR R SV L2 BROERENA N R D 2 & R IMiik & —RIEFE TR LEBER D
FMORE - ZFMOGER ELMERREERD T L, o, RFEICB W TREGRE
EARRODLEEICEICRR EDFE/ARAREDAITICL > TEBY I —2y MM & D

12



RFELESTEFEMOLDERGLE LT RNED (21D OFM TR & Y EN TG
TERW), RETGGEEEMESFHE SN TV D ATRERH D 2 ENBEX 6D,

3. MEEHROENERRE B EOHETE

ARETYH 7Y Tl o7z 3 NOIEEFEEZ KRG, KN~OEBEREOHETE 21T >
oo 2T, FEE A BFVA 70 rARBETOT T U TEERETHY . (EEE B
IIEE B ZNZ IS W TREETD 1D_24,25,28 TAZ TR IFICEICHEFE LT, 72720,
6/6 (2T EAE TGS TRWINA L LR A B TWD, FEE CIIMEXRZNZEN
[ZBWTHEERT D ID_26,27 THAX X MFICEICHESE Lz, 1D_24,25,26,27,28 DIEFX DY
AraXIV-1 123, K, fE¥EE BBREELEZID 2R T, EEE CIMEELI-ER
ID ##H CENEIRT,

IEER]

ID_26,27
ID_28
ID_24

ID_25
3¢ FDNPP

LG ]

MIV-1 {E%% B,C BNEE L7 ID_24,25,26,27,28 DIERE DT, 1E¥E B BNMEE LT
FID %R T, 1E¥EHE CHMEELEEFXID 2 CERENRT,

INE X PFITHEF LI1EEE B,CIZOW T AIC L 5ERE I. (Bq) DORHfi%(4)
A2 TIro77,

I.=C XM Xt (4)

C: ZERPHE T ERRE | M : PR ¢ AR REH]

RERR M AZIE, 7 TV — TZEOHRER ] O AARNDLOFLHERR (ENT R
VIREERIE - MEFHMEZEAS (1998) 12X %) M=1.1Tm3%h &M=,

TE¥E B BMEX¥EZ1T - 72 ID_24,25,28 (OBIER]) HAEFK TONFZ XN ITHOZERH 137Cs
BE CBg/m3) DOk R AHMIT 1ID_24:5.2(K%),61.2 (1X724) . ID_25:22.97, ID_28:
5.18, MWERFM t (WX & X EZERER T ID_24 : 140/60+37/60, ID_25 : 119/60,
ID_28:129/60 Tdb > 7=, HE Cs DFENFHINIT 90 A0 TZNZMHKT 5 & Ta=00 =
9297 Bq LHEHEND, v A7 OFMRITIEEOH ST TRERENRH D1, T2 TiE 0.5
EEZDNEEEBOKRNTER 137Cs B3 46.49Bq & 72V Z OHUEIZE RSB E IR TH V-1
DFEERR— VR T 4 17 2 2 (WBC) HIEE 40.1Bq L IEIER U &5,
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TE¥H CIlITOWT B ABEICEE Lz, ID_26,27 (WIEHT) FAEFZ TONZ FNITHDZE
A 137Cs IR E,C(Bq/m3) Ahi R A R & OHAERER] ¢t (h)iX ID_26 : C=6.36, t = 85/60,
ID_27 : C=2.27,t =93/60 T lat=00=11.50 Bq ¢ HHEN 5, v 27 DF#EL 05 & LT
TEZEA C OIRNFRE 137Cs &1E 5.756Bq & 72V Z AT HBR S ik 4t 6E (MDA) 18.5Bq (2 IV
1) K&,

2B LnZenb oo, EEE B,C D 2 BHIHOWTESHFRENS OFHEME S WBC HIE
FEROBEEEITIH D LHIICAZ D, RRETITo TV ANZIBNTIEETHROBRSRES
FEDTIEHR L TITR D e EnR 0 BB R KM CTh D, HERDPBEHEITR O BEBRIT ToON
AENTEELHEBEORBRTIIZOBEIZEE 2D Z EEE IV, &b, FRD
NEHEIZBREUEICHHAEIL TVWAIREMEE CHLI AKEX Y v X T4
FASTSCAN CHEHER eI ERER 2 23 THIE L7254 @ MDA 1% 137Cs (22T 300Bg?
THDHIED, NFXDRT 2 G ORRZICERS MDA 2 2 % 137Cs 23R H S5 AlHEME
T OO TRV, FASTSCAN T 1B37Cs 23 SN 72581213, BFHK TH 5B ID AThE
HERENEEZEZ LD, BAEELKOEEINEOW FIZ OV THAE L TRIE A2 RIS
HMLENRD D,

(2E) AETH TV U TICBboTe 3 AOEEE EZHRIC, KN~OEEEOH]
& 2017 4F 6 A 27 BICE TR AR R BN  BUNRRE TR G WFFRT T AR —
IWIRT 4 H1 74 (Whole-Body Counter: WBC) (30 Z3aH#Hl]) (2L viT-7-, FHREzER IV
LITRT, ENENDOEEFEOY 7Y U 7EER S RIRITRT,

# V-1 o7V 7izBboiz 3 AOEEZITHOWTO WBC HIERE R &K OMEE A

K-40 Cs-137
Y33 | Activity (Bq) | MDA (Bq) | error (%) | Activity (Bq) | MDA (Bq) | error (%) E%8
A 3.62E+03| 2.81E+02|1.15E+01 2.68E+01| 2.49E+01 - 2017/4/20,5/16,5/17,5/25,5/30,6/15
B 3.75E+03| 2.57E+02|1.15E+01 401E+01| 2.45E+01 12.89 2017/5/16,17,6/15
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AT AL IWWEMITIITEEE L, o ERMEEH v T, DCAL
(ORNL/TM-2001/190, 2006) (Z & ¥ FHFEFEMMELZFHE L7z, <180pum DT AKX A | A3HE
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H720 0.9 uSv LM s/, NFXNTHICHEFE LT 1Yy VERALIZSGEIZONWT,
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Comprehensive study of indoor contamination in residential houses and

evaluation of internal exposure dose due to indoor radiocaesium contamination
Hiroko Yoshida

Graduate School of Pharmaceutical Sciences, Tohoku University

Abstract

Indoor radiocaesium contamination was analyzed for samples collected from 44
residential houses, including 23 houses in Futaba Town and Namie Town investigated
in this year. A moderate inverse relationship between indoor surface contamination and
distance from the FDNPP was observed. Resuspension factor, which is defined as the
ratio of the radiocaesium activity in aerosol collected above the resuspension to the
median value of surface contamination, were obtained during dusting and vacuuming
with cyclone handy cleaner and normal cleaner for each house. A moderate inverse
relationship between resuspension factor during dusting and indoor surface
contamination was observed. The average of resuspension factor during dusting was
evaluated as 6.54E-03 + 5.56E-03 /m, with one standard deviation, which are higher by
a factor of ten than those dusting vacuuming with cyclone handy cleaner and normal
cleaner. The radiocaesium activities retained inside the body were calculated for two
workers who dusted using the radiocaesium activities in aerosol collected above the
resuspension. The results were consistent to the measured values by the precision
model of whole body counter. Based on the measured values of house dust and aerosol,
internal exposure doses due to ingestion of house dust and inhalation of aerosol were
estimated using DCAL (ORNL/TM-2001/190, 2006) . House dust smaller than 180 um is
considered to contribute to oral ingestion. Assuming that an adult intakes 20 mg/day
(US EPA, 2017) of the house dust smaller than 180 pm, committed effective dose of
137Cs was estimated as 0.9 pSv per day for the house where the maximum radiocaesium
activity of house dust was observed. Assuming that an adult inhales aerosol during
dusting (1.8h), committed effective dose of 137Cs was estimated as 3.2 uSv for the house

where the maximum radiocaesium activity of aerosol was observed.

Keywords
indoor, radiocaesium, house dust, aerosol, cleaning, resuspension,

internal exposure dose
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ZENICHE, FMVEZLEZY 2 TEADORIET CO2 #lE4 (Lutron Electric,
MCH-383SD) (2L Y 1432 &I2 CO2RE A HIFHMMIE Lz, F=. BIEDHIZ TEID
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COEEHLHITE Lz, bz CO2 DENIMREDZE S OWEZREEKZ T 4 v T 1>
T4 5L THEEOHEKIAIE A R DT,

(fi B i~ > B )

AHFFETIE, EADEZNOREZIT I 720, TOMRBITIIBAF RN EEND, HEI
Hizo Tk, WILKRFIRZHFERNCBIT D Te MERtg L T2 RICET 2 MEHEE] ©
AKRAETTIZZITTBY ., fEOHFIEIIEREZ T LU TOTFIEIC X 5,

i d L < IFEmOBEICE Y TFHEO B & FIEOFPIE LOFRE~D 27 OB
W EFIIL, FEAEE CH DL, FERABEEE L TV DG E TR~ OBEE & ONIE RO
MHEWTHIREAZBE L TITH, HBONTRRICOWVWT, #ERE 1T LEE/ROBH S
W EEAT D,

T, HADNME~DRIK L LT, FRREMICEEL Tk, ABOBmEEET H L &
BT, EAD AMEDRIENSEH A E 7o I3 SOFRE ISR L TEEET A L2 AR E L, f#
NIEROEHEDORIEE 1T D,

Z D12 O BARW 72 ELE 2 L IS RT,
OWBREIIARNOHHER CER~ORE, EREZRETDHZENTED,
OBHREITNHOTHRADHHERTEROPILZRETE D,

OFEBRE L, B DO NMEZHE L, ERE TR OLEROFAEICIWT, #REDT 7
AN —DREEBET D,

OfEl NEHIZ I EALE DRI BB RO 5 2 & & L, W ERLISMTITHV 220,
OfE ANTEHFIH OB, EADFEICED Z L3V E 2 ICiET 5,

I, BFZERE R

1. "NURZXZ K

O N RAZ A NHOKRE

AMEFE ZVE TS 2 & L7z 18 #FOEE T, KiffA3<20 um, 20-63 pm, 63-180 pm,
180-500 pm, 500-1000 pm, 1000-2000 pm D/~ A 2 A s O JiH 4 Cs 13, 4.7 X 10%, 1.3 X 10°%,
7.8X10% 3.2X10% 1.9%X10% 1.8X10° Bglg TH Y . KEINSWEE X 2 FEE Y-V Ol
SRENE < R AMBEIICH > - (K IIT-1, £ 1I1-2), £7-, & 2 MEEY 720 ORME Cs 13,
FITEICREL Bigo T,
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20-63 um 1.3x10° + 1.8x10°
63—180 pm 7.8x10% + 1.1x10°
180-500 pm 3.2x10? + 3.5x10°
500 um-1 mm 1.9x10% + 2.2x10?
1-2 mm 1.8x10% + 2.1x10?
@ NY AL A NP ORETRED KN « HIRTARRE
IRETIEHTOKD > TN D 11 BEOEFED T XX Z MhORSE Cs DKM,
FRTAME, FRIEDHRIT, 20%+14%, 32%+11%., 47%E18% TH V) . KIEHK Y. HERIARSY

DEIGITH T LITRE S B o TV, RfEZ LIZREREWIT R (X TII-2, #

I1-2),
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180-500 pm
500 pm-1 mm
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o

Q
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40% -

WICsm KB - ERRAE - REOFEL
S

BICsh KBt - mEB - REDFHEL
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N
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S
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H E § § § E
E I 3 8 38 i
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S
1R
1D32_IKN = ID33 SZN &

B II-2 (i) HEEDONT AL R SR ORBEE Cs OKIEME « FRLTAME - FIEOEIE (47
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F II1-2 KRB DO/ AL 2 NI OREE Cs OKEEIE - BN « IRIEOES (FH+E
HefmE) (),
S+ SD
<20 um 39%220%
20-63 um 53%:+19%
EFiy 63-180 um 49%:+20%
180-500 pm 40%%19%
500 pm-1 mm 37%x26%
<20 um 47%+13%
20-63 um 32%+11%
HCI jaf# | 63-180 um 32%+11%
180-500 pum 33%+17%
500 pm-1 mm 28%+16%
<20 um 15%+12%
20-63 pm 15%+12%
Kia 63-180 um 19%+15%
180-500 pm 27%+18%
500 pm-1 mm 35%+22%

2. =T7ma )L

DO T 2T — 2D EEDKE

fRZR M-3R, 7V —RELDT ¢ L F—TIEL M S 72<0.25 pm OKLF D
BHEEN, 77U =R &7 4 V=Tl L A R SN2 > 7, —J7. 0.25-0.50,
0.50-1.0, 1.0-2.5, 2.5-6.6, >6.6 um O+ TiX, 7'V =AML DOT7 4 NV EZ—F D T —2HD
7 4 NE—DEREL e oTe, PM2.56 ORURREA KT 2L, 7 —RAORBETRE 7208
WER N2 T,

#£ I3 7T —2AFEDO 7 g N H—ZHONCHE LT a VY VPO REED L
(Gr),

<0.25 pm 0.25-0.5 um 0.5-1.0 um 1.0-2.5 ym 2.5-6.6 um >6.6 um | R PM2.5
¥y 0.16 1.9 2.0 1.9 1.9 5.7 2.0 11
SD 0.086 2.2 1.9 1.9 0.80 4.1 0.70 0.46
ol 0.12 1.2 14 15 1.7 4.6 1.8 091
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@ =7 1V Lo

24 FFOEE T ST HICHIE L7127V — A/ ORIER R 2 2% [T-4 (2 ki 04 & X
II1-3 {27~k 3, PM2.5 OFEHEIX 1.8 Ba/m3 TH Y | RIREA/NIWVIEEENZER 1 m3 47
D OIFEIXED ~ 72, ET. SEFOEBICE VT, BAOZLER T OS2 3 L7
FER. TRTOEZICBNT, TXTOREOT oY L THREIRALU T THY (HIEH
W A LA, JEGE : 0~1.0m/s, JRA : FEPE~AEAETE) . KBRS K D TRE T O B
7 u Y VR Ko T2,

# III-4 KA 24 B THZE L7ORERISTGTRE (O04R),

<0.25 um | 0.25-0.5 pm 05-1.0um | 1.0-2.5um | 2.5-6.6 ym >6.6 um | ki f | PM25
P [Ba/m? 0.10 0.28 0.45 1.01 2.39 2.96 7.20 1.84
SD [Bg/m?] 0.05 0.56 0.90 2.09 3.18 2.36 8.48 3.35
gl [Bg/m3] 0.10 0.11 0.21 0.51 1.61 2.81 5.55 0.97
100.0 80 —
5 i
£ — £
= T =™ & 60 -
& ®
— 10.0 =
Q Q —
L — © 40 A
< | § S < |
~ E: ~ |
ﬁ 1.0 ~ I 1 {mll: f
R £ 20 ]
& J ®
< —= < I
| ' i
0.1 - 025 05 25 6.6 0 025 05 25 6.6
0.1 10.0 0.1 10.0

1.0 1.0
#L#E Dp [um] $i#E Dp [um]

ITI-3 SR A RE ORI ST (2 BXI3A B it & xR FEIC L 72 b )

@ H7p DIRIREAT - LB O RNZE R ik hE

BEL DFR bR % 431 CHEME L7z 14 $HIB W T, 17 BN o PM2.5 KL D | INZE R
BHHEIL 4.6 Bg/m® TH - T-DITH L, ¥ 7 1 U fREREE R Ol iR i 4 O TR 217 -
e B OBERNZER P ORI TR T Th o7z (K N-4), 1 DA, Elfmbrigic
X BHRERT D 2.5-6.6 pum DR F T 0.36 Ba/m3 OIS HEA K S 7=,
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8.0
m TOTAL

6.0 m PM25
E .
o
m
— 46+3.0
O
240 -
7
K
£
z
1 2.0 A

1.1+1.3
ND. (07~<1g) VD (10-<18)
ND. (<05~<12) NP (07~ (<0.07~0.4)
00 - ND. (<004~<0.)
//\® //\’\\ R Q) //’b\
@ @ " Q Q
o R _&x@% &
X~ - &5
& ¢ ¢
}\ﬂ
=

II-4 fRROITED & OENZET ORIEE (4r4H)

3. #AK
AAEFEFRAT 28 #F CHIE L 7 FE oA % 3% 111-5 (2R T, #AEEROF-4)1E 0.32 /h
ThHoT-,
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#£ 1II-5 AMFFEFHA 28 #F CHIE L= FEo#Kn (4HH),

- PR EIEL [/h B BB [/h
ID 12T - ] ID s ~ ]
DAL SD R SD
ID 22 1F 0.34 0.00052 D 38 BoFn=s 0.24 0.007
ID_23 1F 0.40 0.0043 - A= 0.086 | 0.00002
ID_24 1F 0.65 0.0048 D 39 1F 0.10 0.008
ID_25 1F 0.11 0.00036 - 2F 0.025 | 0.006
ID 26 1F 0.87 0.067 DK 0.19 -
= ID_40A
ID_27 1F 0.29 0.0093 = 0.18 -
1F 0.021 0.0031 DK 1.0 -
ID 28 ID 40B
- 2F 0.11 0.025 - M= 0.78 -
1F 0.42 0.0028 DK 0.27 -
ID 29 ID 41A
- 2F 0.69 0.0033 - M= 0.26 -
ID_30 2F 0.28 0.006 DK 0.20 -
ID 41B
D 31 1F 0.50 0.0005 - M= 0.20 -
- 2F 0.41 0.0006 DK 0.12 0.002
ID 42A
D 2 1F 0.23 0.001 - mn= 0.12 0.001
- 2F 0.31 0.0005 DK 0.32 -
ID 42B
1F 0.68 0.03 - = 0.31 -
ID 33
- 2F 0.33 0.0006 DK 0.29 -
ID_43A —
D 34 BOEE 0.64 0.0043 PSS 0.27 -
- FHIOEE | 0.70 0.0053 DK 0.29 -
ID 43B
1F 0.20 0.0039 - M= 0.27 -
ID 35
- 2F 0.30 0.016 DK 0.22 -
ID 44A
D 36 BoFn= 0.23 0.0002 - mn=E 0.24 -
- FEIFn=R 0.11 0.0029 DK 0.28 -
ID 44B
D 37 Bofn=s 0.27 0.007 - M= 0.32 -
- JEARIFREE 0.080 0.006
IV. #%

18 HFDEED/NT AKX Z | (<20 pum, 20-63 pm, 63-180 pm, 180-500 um, 500-1000 pm,
1000-2000 pm) ST fEE Cs 1%, 4.7X10% 1.3X10°, 7.8 X10% 3.2X10% 1.9X10% 1.8x 10
Ba/g T v . ZHAEME L7 21 R U Cs (6.1 X 10°% 2.6 X10°, 1.6 X 10% 7.5 X 10% 5.0 X 107,
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46X10°Bglg) LHARTH UKD ThH o, Zhiud, WEEE LT, MBS R+ %S
NG T-EEEZZHAE L0 EEZOND, 7277 L, FEFREEORR L RIS, KL
BB PNEWNEEFX A NEREYT- 0 OFGHE Cs [ERE < R A A Th -7, 13 200 11K
DNNNEE 495 ENDHE VU AREZRADNIHE L7z #E BT RN SN
Empolzt WIHBEFOWME LR CMEATh 5, RIfEDN/NIWIEE X X NORFHENBKE
72D, WETDHHNE Cs i T ENEL ot ZEERM LTS B D,
11 EFDEFE DT 2L A PO Cs DKEYE, HEREVE, 783 D 13, 20%, 32%.
47%TH Y | FEFEORR (17%., 33%., 49%) LR U Tho7o, KEOHER CHEH L
THEND, NT AKX A MERFHZ 50%RE I e R ONVE GBS TS e n 2 & 2R
LTW5o,

7Y IVOMEIZBWT, 74X — ETOR OB Y ZFhiIET 572017 ) —
REBAT LIZGE L LIRWIGE TR DIRBSMICR DI ENREINT, 7Y — A% %
572 WEAIZIE, 0.25 um BL BRI 1-73<0.25 yum D 7 4 L H — E~BITL TN D Z L& 3R
Sz, £, >6.6 um ORI TH 7V —AEZBA LT-GEICBA L2 WA X EL ko
T, 7V —REZBORWGEITIE, A 37 2 =40 EE I ~Bk i > Tu 5 AJ6E
PER B D, 7272 L, PM25 YT 2R T ORBURRRIZ., 7V —RAZ8A LI2GE LB L
WG E TREREWVIIR bR oo, RREGMITONTIR, EEICER LY —
AEBAALTNRNWT 4 L Z—Z WY 7 ) o ROV TR, SEES NS
U—2FEDEZ W THIEZ T o7z, EELASFEORFKRIILELL . RENRKEN
1EEBNERTOBHENEWE & 2R LTV =, Andersson 51 Indium TG L7 0.7
pm ORAZT 7 VNI —y SRS ENITH U RIS AR 3 91 oo Hh Sl % 0.7
umiZH o7 24 Fi &I 2.8um Loy, 5 BICIE5.6um LY LGRS &
BITKIREDREL 2o TNDHZ L EZRLTND 8, KFHEICHIT D57 o )Ll Cs
DY —7 LITHONITEe > Tz, AEITFHE 5 FHITONEbD TH LD,
KMo T a2 VIR RIS & & HICENTE Y RERRLI2RE LRIREBKE L 2o
TeEeBZOND, NTAZAZARORERND S, KRNI WIZEERERY T2 ORERSK
DD, =T YV FEEY T O Cs O BIFREN/ NS WIE ERE L
HEBEZLND, LL, IS WRITR - BEPKHFA~RBOLIZS W ED . A
ZETIXENERMEE T OMSNEL, =7 oYy ARnKREWVEEEL kol eEZBND, B
fFOWFFE T, Thatcher and Layton (% 1 um X VD /N S UKL I3 HmBRIEHMNTIC L D IZE A ETH
MBS ARANZ 2R TRLTWS ", £, BITHEORFOMEIL, 0.5 um ORITF & b
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Estimation of indoor radiocaesium behavior and exposure assessment to

indoor radiocaesium

Naohide Shinohara

National Institute of Advanced Industrial Science and Technology

Abstract

House dust and aerosol was sampled based on particle size in 23 buildings
mainly within the evacuation area close to the FDNPP, in Futaba and Ohkuma,
Fukushima Prefecture, Japan. Activities of radiocaesium (137Cs) per gram of house dust
were lower than those sampled last year. 137Cs per gram of house dust increased with
decreasing particle size as well as the last year survey. 137Cs extracted in water and 1M
HCI were 20% and 32%, which were similar value in the last year survey. Radiocaesium activity in
aerosol trapped on the filter with grease were much higher than those without grease for <0.25 pm of
particles, while those with grease were lower than those without grease for 0.25-0.50, 0.50-1.0, 1.0-
2.5, 25-6.6, and >6.6 pm of particles. For PM2.5 particles, however, there were no difference
between the total radiocaesium of aerosol trapped on the filter with grease and without grease. The
normalized radiocaesium activity in the aerosol (A radioactivity/A log (particle size)) were increase
with particle size. Radiocaesium in the aerosol during dusting were detected in every building, while
those during vacuuming with cyclone handy cleaner and normal cleaner were detected only in 1

room.

Keywords

Indoor, Radiocaesium, house dust, aerosol, cleaning
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