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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
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Fukushima nuclear plant accident

Abstract

The purpose of this study is to estimate public internal radiation doses following the Fukushima
Dai-ichi Nuclear Power Plant accident more accurately, in order to relieve people’s anxiety concerning
radiation health hazards and to enhance the efficiency of state measures for health control and victim
support. Radiation doses will be accurately estimated using two approaches at the end of this projective
study: (i) by considering the contribution of short-lived radionuclides not considered in past estimations,
and (ii) using more realistic dose coefficients. During fiscal year 2016, the first year of this project, we
analysed existing data reported in relevant documents and scientific meetings and found that radio
tellurium might indicate a significant radiation dose to the public comparable to radio caesium. For more
realistic estimation of dose coefficients, animal experiments were carried out using radio caesium
contained in soil and Wister strain rats. Experimental results showed a very low absorption ratio from the
gastro-intestinal tract to body blood, i.e., lower than reported in publications of 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 2017 and 2018, we will continue to study
the behaviour of radio tellurium in the environment and in the human body, and work on identifying more
realistic dose coefficients for radio caesium by means of animal experiments and plant culture systems.
Finally, we estimate more accurate internal radiation dose using these data, and present them to relevant

organizations.
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2.5 mL) #/1% 7T 200 rpm T 2 KfEliR & 9 L, EHIT 1 K¢f#] 18,0008 TiEls L TAT AKX X K
PRl & AR & 0 BE L 1 BUEOMEEE 1 mL A1 2 T 1 Ef] 18,0008 TOm L4 2 kD i LT,
PEWH L Z2TUV, 1 AR RRYA H RSy 2 0l U 7=, ZKIR BRI ORI I A EHZ 2 ) T, 100

1. WEEZOHZHT  HHhRITmR
R DO, R XK R, (OF
ik 28 45 DB )
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uL 22 TN L TRy F L —% 4 mL 2z, K> FL—varhyrH

(Beckman Coulter, Inc., LS- 6500) T 134Cg,137Cs 7> b DX — H it A& 20-100 /3 EIHIE Lz, —
OV T NAZHONWTH I~ =0 KR R T b HIE 21T o THUE R 2 78l LAHBI RS % % 1R
LTz, ZNERWTHEES FL—a by X OFIED D BERED B 2 R b 7=, R+
DHEE Cs 1T, @S L~ =0 L ERBHERIZ LY 1,000 ~ 20,000 FRHHIE UE &G L
77

BN ZELRFTOZT 0 E, DA — KA X0 Z—Z W ChRifES (<0.25 pm, 0.25-0.5
um, 0.5-1.0 pm, 1.0-2.5 pm, 2.5-6.6 um, >6.6 um) |27 4 /L ¥ —THiE L, ThENLD T (L ¥
—lZOWT, YT7ARAF v 7 FL—FmlE (BTl A5 4 2, JDC-5300) T
134Cs,187Cs 72 b DX—Z f & 60 ~ 100 ZpMHIE L7z, BUNREOMEM T ITEME S L~ =0 L2
WA HE TITo 72,

FENMH 2 EOREGRAFHAAIT (BREHY) B X 2MBERNE CHIE L, HEOKE
SWELTLIEMEHZY 1~3 ETic >\ T, EICADEM % JIS Z 4504(2008) IZHE T 10 c m
£ (100 cif) OREAFE LBE TH—ITZT D, 1REF—ARITHEEPMET D LI L TREHE
WML, 77 AF vy 7 rFL—itds (Hhf) T 184Cs,137Cs 226 DN —Z i 10 53 [WHIE
L7ce HURBEDMEAS T IZ 7 N~ =0 S8R Ha TT o 7o, STV A RITFERI TR L 72
0.75 Z 7= v,

ARIFFRN TR Lo @i 7 v~ = 0 S8R RHER O B — 7 B2 31E 796 keV(134Cs) T
0.5455%. 662 keV(137Cs)T 0.6326% Ch H M, KT v FL—va Wy ZROT T AF v
7T =2 RHERORHRIZTENEI 95%LL B, K 40% & L~ =0 AEE R RIS
H_TIED 2@y D, 22T, B B - i S 7 B RE MR W IR = 7w
NT 4 NE—ZONTIE, BIRY v F L= a v B ZET T AF v 7 v F L—2 it
2O TRIE LB BEDER T 2 7 v~ = 0 L8R IHEG TITo TERMME T2 2 & & Lz,

EFOHRIEHIT CO2 JERFIEIZ L VRO, FHMBIZIEFE CPEEITRD L HIC CO2 2=
IR E, FfiD 2 L7z ETHEADORET COHlES: (Lutron Electric, MCH-383SD) (2L
143 2L 1C CO2 JRIE A SL T L7z, 5 57z CO DR A IREKEK T v T 47
5 Z L TCHEROMRE A KD T,

(ff B i ~ D B )

AWFFETIZ, BMADEFZENOMEZAT O 72, TORRITITBEAFTERPEGEND, FAEICH
ST, BAERFIFPHERNCIH T D e M axt% e T 25T 2 MEEAR] O&KREZ T T
=T THEY ., BEOHIETERBEZ T U TOFIRICL S,

b L ITEHOBEAICEY FREOHME FIEOHABLORHE~O ZHHOBREN] %
AL, [AEL2 TR CHD, ERNBEHL TV AEAITER~O@EME CRIEREON HEWIEH
BERZBELTTI, BONEMRICONT, HREF I LREMSROBMOEE@mT 5,

oI, AADAME~ORIERE LT, MHEEMICEL X, AMOBmASETH L &I,
E N DN DD B FH USRI ISR L TR T 5 2 2 AR E L, EAFHRORED
K Z 1IN D,

Z DT O BARK IR BLE & UL FIZRT,
oHRE IIAND BHERCTER~DRE, FAELZRET DI LN TE D,
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MR EIT NSO THAAD HHER TEROFILEZIRETE 5,

oFEBRHE L, HREDONMELHEL, ERK TR OLMROFMAFECENT, REOT T A1
— DR EET D,
of il AN I F FE Nl AT 2SS IS BE R Ol 5 2 & & L AFZEE BLISMTIT AW 7220,

of E NE WA DBIE, HADKEIZED Z LTV K 5 IThRET 5,

[EDISIW S

NG A A SPORBIME Cs 13, RIBED/NSWEEX A FEEYTZ) OBESREN & < 72 281
PR sn (K2, 1), £, FAMEEYTD OBEMECs 13, FILITREER-T

Wiz, X, ID1_OK IZFHEEF M4 27201 LI ID B S5 TH D,

4.0

I\DRHR KEESHT=DDMETEE [ 104 Bg/g]

2. RBEMDONT ZZ 2 NROEEYTZ) OREME Cs (F: 137Cs, 7R:134Cs) .
ENDRALANEBENTY ORBGHE Cs ZZ WA R OGNS,

3.5

3.0 1

mCs-137 mCs-134

2.5 1

2.0 1

1.5 1

1.0

0.5

N\DRHR KEEH = DDIETHE [% 104 Bg/g]

63-180 pm
180-500 pum
500 pm-1 mm

1-2 mm

4-20 um
63-180 pm
180-500 pum
500 um—1 mm
1-2 mm

1.2

1.0 1

0.8 1

0.6 1

0.4

0.2

m(Cs-137 m(Cs-134

180-500 pm
500 pm—1 mm

63-180 pm

180-500 wm
500 pm—1 mm

&

RIFEDS /N EWE
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0.2

w
2
z 10
X
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X
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X
)

0.2
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=2
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= 1.0
X
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£ 08
&
& 06
H
i8
W 0.4
x
Q
X
D
2

ID3_MO

E(Cs-137 ®mCs-134

63-180 pm
180-500 pm

180-500 pm
500 pm-1 mm
500 pm—1 mm

ID5_GA

m(Cs-137 mCs-134

4-20 pm 20-63 pm| 63-180 | 180-500 {500 pm—1| >1 mm

um um mm
16
¥ 20
iy ID7 SU
= mCs-137 mCs-134 —
X
o 1.5 A
=
E
8
] 1.0 1
8
%
% 0.5
Q
X
D
~ 0

X2 (HZ).

<20 pm |20-63 pm| 63-180 | 180-500 |500 pm—1| >1 mm
pum pum mm

P&

I\DRHIZ NEEHT=DDIEIEE [x 104 Bg/g]

= DDIETEE [x 104 Bg/g]

NORFIZX NEESHT=

I\DRH R REEHT=DDIETHE [x 104 Bg/g]

1.2

ID4_HI
1.0 1 m(Cs-137 mCs-134 -
0.8 1
0.6 1
0.4
0.2 |

0 4-20 um [20-63 pm| 63-180 | 180-500 {500 pum—1| >1 mm
pm pum mm
il

1.2
1.0 1 m(Cs-137 m(Cs-134 IDG—IZ
0.8
0.6 1
0.4 |
0.2 |

<20 pm | 20-63 pm [63-180 p

180-500 500 pm—1| >1 mm

pm mm
1hE
1.2
mCs-137 mCs-134 ID8_SH
1.0 1
0.8 1
0.6 1
0.4
0.2 ]

180-500 um

13

1pE

INEWEENT ZF A FEBEYTZY OFSH Cs 132 WA R 6N D.
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500 pm-1 mm
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4.0
35 1 | mcs137 mesa34 ID21 T™M
3.0 1
2.5 1
2.0 1
1.5 1

1.0 1
0.5 1

I\DRSZ KEEHT=DDIETEE [x 104 Bg/g]

4-20 pm| 20-63 | 63—-180 [180-500{500 pm—| 1-2 mm | >2 mm

2 (Fex). RBERDONTZZ A NHOEREYTZY ORI Cs (751 137Cs, 771 134Cs) . RIS
INEVIEENT AL A NEBEY T OFURYE Cs T2 WEPNR A 6N D.

F£1. 21 HFOEZIZBIT DREB O NT ZAFE A NFHOEEY -0 O 137Cs JRE () 42
YR 2) .

NYAZ A NEEY 72 90" Cs
{F¥9+SD)
[Bg/gl

4-20 pm 6.1x10° + 6.4x10°

24 [20-63 pm 2.6x10° £ 2.2x10°
Z Nt [63-180 pm 1.6x10° + 1.6x10°
élli- DD 1180-500 um 7.5x10 £ 9.6x10
Cs 1500 pm-1 mm 5.0x10% + 7.6x10°

1-2 mm 4.8x10% + 7.5%10*

NG AK A NHO 134Cs/137Cs bt (2011 4F 3 A 15 AREAICHER) O, 0.97~1.01 T,
RIFE D L ICBEREWVTIR ON ot (R2), ~NTAX R RO Cs DKEME,
P FREOHFEIX, 19%. 33%., 48% TH V| KIER Gy, WA OEIAGIIR T LI RE R
o TV, RIRZ LICREREWTI R o7 (K3, &3),
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# 2. 21 FO(EFICB T DRIBBI D N7 2 F A SO i 184Cs /137Cs b (Y + (R 2,
2011 4E 3 H 15 H RS ICHAE L7 1)

2011438158555 0D
134 /137 g
Y-¥+SD
4-20 pm 0.99 +0.07
20—63 pm 0.97 £ 0.05
63—180 pm 1.01 + 0.07
180-500 pm 0.97 £ 0.06
500 pm-1 mm 0.98 + 0.05
1-2 mm 1.01 +0.07

100% - 100% -
S TH W ;
T bl
& 80% - R’ g0
) e
{ Ko
® #
M 60% - # 60%
@ 2
& =
¥ 40% - ¥ 40% -
#
-é 20% - % 20% -
S S
= 0% A : ‘ : : 0% -
= g & £ g 5 £
S 8 2 8 2 2
o8 ¢ 4 3 5
ID1 -
- ID2 =] IEE
3. FMEFD N AKX A NFORE M Cs DKM « RN - FRIEOEIS. (L Ei, Kt -

Wl - RETRD. 0. RHRRLU T OREHC VT, RIRRED 1/2 Off & A TRk
o, - WA - WAL CHAE L7 )
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40% A

20% -

CsMKiBE 1BRIBMY IHBEDFEL

ICsMKBE ERLIBE IKBDFEL

0% -

4-20 pm

20-63 pum
63—-180 um

180-500 pm
180-500 pm

180-500 pm
500 pm—1 mm
500 pm—1 mm

._.
o)
)
oo

60% - 60% -

40%

1 = 40% 1
0% - T T T T l 0% I T T T T

ICsKiBE 8RBT HBEDOFEL
BICsMKiBE 1GELIBEN HRBEDFELL

= 8 & 8§ 8 5 8 & 0§ g
& 0 R S T & 3 % S T
<+ S 4 4 g < s & 4 g
ID 5GA ID 617
3. FMEFD AN AKX A NHF O Cs DKM « IR - FRIEOEIS. (L Ei, K -

B ETHED. o, BHEBARUTOREHCOWTIE, BHBRBFED 1/2 OfE %2 ATk
- i - EAAETHRIm L)
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3 (&), BERDONT AL A NHOREME Cs OKREN « BN - IREORIG. (EhE
o K - B RETERE. £, MEHRALITOREHZ S W T, MEHRFYED 1/2 DfE%
ATk - e - A G TRIm L7,

3. MAFOEFRITBIT DR DO NT ZZ A RO Cs DKENE « HFRERME - FRiEDFE
& CERHRRER ) .
BRI ORBIAT Bl
¥+ SD
4-20 pm 47%£17%
20-63 pm 48%+12%
;e 63-180 pm 46%+16%
180-500 pm 48%+15%
500 pm-1 mm 53%+18%
4-20 pm 39%+16%
20-63 pm 40%+7.7%
HCEE#7 63—-180 pm 36%+11%
180—500 pm 33%+10%
500 pm-1 mm 27%+14%
4-20 pm 14%+6.2%
20-63 pm 12%+8.5%
KB 63-180 um 18%+12%
180-500 pm 20%+11%
500 pm-1 mm 20%+13%
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=7 a Y R oOfEE Cs 1, KR (<0.25 pm, 0.25-0.5 pm, 0.5-1.0 pm, 1.0-2.5 pm, 2.5-6.6
um, >6.6 um) (2B ) B HRIL, 65%, 20%, 35%, 65%, 95%, 85% T ¥, 0.25 pum LA T & 1.0 pm
UL ECRHEENBE o7 (M4, £4), RiRHHOXE CHE L LI R, BN T2y
NP OFHYE Cs 1, 0.25 pm~0.5 pm (KHFHREKH) BB/ ELERIRBESMERSTNDZ &
NoRENE (K5) .

TA 7 v AT 2 LR T & Z T - R ERBROBICH 2 IZHED T T A
A A MO Cs BIEIGEWTIR LN oTe, —FH, =7 ay ionTii, 1 7m v
AR 2 L 723 bR T O BRI T R TR TR T2 o 7zt L, A~ 8T - i & 47
BROBRCIEZ < ORIAEFIFE CTHEME Cs i s h7 (X6),

KA Y VTRFED & OFEREE L D 500 e MBBEREZ R L THY (M7), ZRETEHLR
TR DEEE LTV, ERT L ORMBYRBE L XA MEEL ) O Cs (THBIZE
BINehol,

FEZVHA LD RBEEZZ T TV AERTRHAMICHBEKIEIEDN G 2o TWOIERERH T, 4
MR L7 ERICR T 285KmE CPAHRERZE) 13, 0.69+0.50 [i/h Tho7z (K8),

10.0 25.0
ID3 = IF ID4
—_— m 2F I~
Z 80 F200
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Q e
# 40 100
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Indoor radiocaesium contamination and evaluation of

internal exposure dose

Hiroko YOSHIDA"!, Naohide SHINOHARA™2

*ITohoku University
*2National Institute of Advanced Industrial Science and Technology

Keywords: Indoor environment, radiocaesium, house dust, aerosol, cleaning, internal

exposure dose

Abstract

House dust and aerosol were sampled by particle size during indoor cleaning in twenty-one
residential houses in two evacuation areas, the towns of Futaba and Okuma within
Fukushima (house dust: 4-20 um, 20-63 pm, 63-180 um, 180-500 um, 500 pm-1 mm; aerosol:
<0.25 pm, 0.25-0.5 pm, 0.5-1.0 um, 1.0-2.5 pm, 2.5-6.6 pm, >6.6 um). Radiocaesium (Cs) levels
were determined in these house dust and aerosol. Cs levels per gram-house dust increased
with decrease in particle size (Mean: 7.1x103, 2.6x103, 1.7x103, 6.7x102, 4.4x102, and 6.0x102
Bq/g for 4-20 pm, 20-63 pm, 63-180 pm, 180-500 pm, and 500 um-1 mm, respectively). Less
than 20% and more than 30% of Cs in house dust were dissolved in water and 1N HCI.
Solubility of Cs in house dust did not depend on the particle size. Cs levels in aerosol have
bimodal particle size distributions where bottom exists in a region of 0.25 to 0.50 um particle
size (Mean: 0.77, 018, 0.32, 0.65, 1.8, and 0.99 for <0.25 um, 0.25-0.5 um, 0.5-1.0 pm, 1.0-2.5
um, 2.5-6.6 um, and >6.6 um, respectively). House dust containing Cs were rarely
resuspended during vacuuming, while house dust containing Cs were resuspended during
dusting and sweeping. There was no relationship between Cs levels per gram-house dust and
distance from the Fukushima Daiichi nuclear power plant (FDNPP), while there was a loose
correlation between surface contamination and distance from the FDNPP. There was no
relationship between the radioactivities of resuspended Cs during cleaning and surface

contamination, either.
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(3) WL ONEHIE BEHET DETNVOREL (S RINAREDHEE)
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(1) EAREROLLSE - RE (K4, S, Bpl, BRREERT, BUERT - @ik, BRmRE
B, BREOEFTBEOAEEL L)

(2) HOER] (RREDRFE, HALOFRE)

48



(3) HOWF - 77 v, Y - BEEROAHE - BRI, HaTha OA % - FEE,
AR R RS DB 4%

(4) EFBEMEICE25ERkE (Fom= 0w, BEm, WEmOkRY) L EBRORAF

(5) @& RERICHRE

(& FELEHICE EN DB HEDE OFHE) (82 RV e NEHRIE < BOHERE)
(1) A A=Y 77— (IP) ICX2EEFBHEMEEEEDAI V—=vTL
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« BAFESr-905 8 aEiREE :61.51 11.3
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BPIEORLE EFIZID A TE 7z, BRI, ESR AT MG IREET ¥ B VSR 2 il 5
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Abstract

The Fukushima—Daiichi nuclear power plant (FDNPP) accident released a substantial amount of
radionuclides into the atmosphere and resulted extensive contamination of the environment. Radionuclides
such as ®Sr and **'Cs are known to be incorporated into teeth during the process of calcification and
remain there until the tooth falls out or is extracted.

Because deciduous teeth are formed when children are thought to be most sensitive to radiation, we
hypothesized that radionuclide levels in deciduous teeth could serve as an index of internal exposure to
radiation during the growth period.

Radiation exposure also generates stable carbonic radicals that accumulate and remain in the teeth for
extremely long periods of time. Therefore, the levels of these radicals can serve as an index of an
individual’s external exposure to radiation.

To assess both internal and external radiation of children, we have been collecting deciduous teeth
since the beginning of 2014 from children in the Fukushima area and control areas where the effects of the
FDNPP accident were considered negligible. Approximately 5,000 deciduous teeth have been collected
through December 2016. We continue to analyze these teeth using autoradiography with imaging plates,
physicochemical determination of radionuclides (*°Sr, **'Cs, and ***Cs), and carbonic radical quantification
with electron spin paramagnetic resonance (ESR).

The deciduous teeth collected so far were formed before March 2011, thus we have not found any
significant difference in radionuclide levels between teeth collected from Fukushima and control
prefectures (Niigata, Shizuoka, Kumamoto, and Hokkaido), or among the teeth collected from five major
cities in the Fukushima Prefecture (Fukushima, Kohriyama, lwaki, Soma, and Aizuwakamatsu). These
findings may serve as important control data for future studies on teeth formed after March 2011, which
will be collected over the next several years.

ESR quantification of carbonic radicals seemed to be useful for teeth exposed to high radiation doses
(>200 mGy). However, the technique was not sensitive enough for exposure to lower radiation doses (<50
mGy). We are currently optimizing the technique to accurately quantify small amounts of radicals (<30
mGy) in teeth.

In this 2016 annual report, we discuss the results obtained to date and address the problems
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associated with dosimetry using teeth.
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