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ESR retrospective dosimetry of tooth of the cattle bred in areas contaminated due to the
Fukushima Dai-ichi nuclear power plant accident
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Abstract

ESR tooth enamel retrospective doses were obtained for teeth of 16 cattle bred in the two ranches located in the area
contaminated by Fukushima Dai-ichi Nuclear Power accidents in 2011. The obtained doses are up to 1.0 Gy for cattle bred
in both two ranches. The doses obtained for cattle in Omaru ranch, with higher contamination, are roughly consistent with
the cumulative environmental dose. High dose values are also obtained for those in Okuma-lkeda ranch, with lower
contamination, which are not consistent with the cumulative environmental dose, but can be explained by the records that
they were once released from the ranch and were captured in highly contaminated area. The ESR tooth enamel dose
distribution within jaws were examined for two cattle of 12 years and 7 years old. The older cattle show rather uniform
distribution of the doses with slight increase in frontal teeth while the younger shows larger values in molar teeth, being
consistent with the time difference in permanent tooth eruption (enamel formation). These results indicate that the cattle
tooth enamel ESR dosimetry works practically and would be useful in estimating the actual environmental doses.
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Figure 1 Typical ESR spectra of cattle tooth enamel. The
signal increases with doses given.

IFRRL AR A EE v # — D A AE T ESR I E
JERE JES-PX3200 MW T, SR THAEHZ DWW T

ESR 27 hMLZMIE LTZ, ~A 7 2kt 1% 2mW,

AR A 0.2 mTE BZ54m 5|08 10 mT, K#fE 30
F0C 40 [E4 A REE S 0.03 #0 HE K 2000 & L7-,
v H == PR AT FLOWmRIZABD &L HIZ
WL 2 RS LT, BENL 3 ATV, AT R L
ZMzabE T, AOEoBERICHNOND1E
BB v 7T A New-ERPIZ IV CfE S 4LEE 24T
W, B TEHSN 2 AMEBZ ONDEFD
oy &2 B B CREEFHRCH WS LD CO 7V
TV FHIRE &R DT,

3. fERELEM

31 [EEofEng

LOWHEIZA LN D AN/ ESR AT L%
Figure 1 (253, ADOHOTF A LDIE 5 L IXIEIHE
FEDWRIENBI S, ADOH D ESR AL kLR
A EILA New-ER 7 /5 A& HWTERSD
SEERITO Z LW TE T,

Ho<RIT LD COy 7V HIVEBHEE DR D
k1% Figure 2 \ZR g, EORBHZOWTH T o~
FROWIAR N L CTREBEVNERICHER L, »
K ODOFREHZ DWW TIIRIUER R O CGRIRS) 12%f
LCEDUR /o TWDEN, Zhik, Bk
PEREFED O DA LD WRPRH D Z L ERLT
W5, FREORMBINE IR/ T RIEIZ L - TEAR
HTIIH, HEEZRDE, ZOEROEZ NG
HRRICKTDRIE L 70D, 2D 12 3ELOEE O
YExE &> T, NOWIZHTHEEDLLEZRDT- &
ZA,106+011 Lo oTe, ADHEITE A LR Uk
ERHDZ Enbhrolz, BEDIZLOEIT 10% &
ol THUTHE SN TV D NDOH DOREE DX
5OE 10%M L [EET, F¥ VT L—rva iBick

—xIERIBFTE AR &

e 98783MI  98783P4
e [7229M2 & 17229P4
3500 | e 01595M1 & 01595P4 .
8905M 1 8905P4
w00l | @ 736TMI e 7367P4
2 e 26887MI ¢ 26887P4 ey <
= ”
= 2500 3 H

[}

000

1500

Signal intensity (arb

L= 1000

1
0 1000 2000 3000 4000 5000

Absorbed dose (mGy)

Figure 2 Dose responses of the dosimetric CO, ™~ signal
in cattle tooth enamel.

ST, NOHLERBEOKE CREEZRDDZ ENT
XA ELAERLTWVNAS,

3.2 O OYERR R
ZNENOREHIBN S iz CO 7 VU HIER
DIEFREZ, AIOHTRDZ, Hor~<Bicxtd 5
JECEID Z LI L 5T, ENENOWGEIR &% K
Wiz, T, RNV E X DESHREL 0 LK
ELlZFy V7L —yvaE2ANnTnsd Z gk
%, fER% Figure 3 (12,
INFLDBEE DA DFEHZ SV T, 3 8 A T 700 mGy
DL EDE O RIRAR R & 7 o 72— 7 T 2 AT
500 mGy Aiifi & 72 o 70, REEOHIG D4 OFEHT S
WTIE, BVMEZ R T S ONE- 722, 1 Gy FLFE
DEWVMEZ R TRE L H o 72, FElOEWETE
BERTHORH Y . BV FORIEREIT/ NI o
T2o R UMD M1 & P4 OUIRRR & A e+ 5 &
REHZ L > T M1 OB EVMEEZ RT H DO H -
Too ZAUE, O IR & RS LT B RTHEMEDR
HD, DFE0V, ML T P4 OFTHEDONEIZDH DA,
FLE B A IZ 72 2R T, HLE DR M1 DA
B IRHNT A 3B HH L, P4 OALEIZIEFLE &R
Do TREOKAWBIE T 5, FNTORERRIZ S
bans®mE LT, ML A& bE<. P4 &b
B e n )

3.3 ERETHUGRE L O

INLOBIZHZ BN TR R EN T = — &
NTEY, TTICREND S 1A, HiHkx ICRE
LTETEY, ZORERABROMEEZIEST D
ZEICEST, OB EHEICL > THETE S
& Bz T FHEL ) O ERE O #IESR B % Figure 4 1C
AT, ORI & BB OB BRI 23 o iR
BICRT LI OEMMEOHAMOZEL LT
IR AWET DN TE 5, HEKRDALE L



2019 R B ST FEPH R R -

® Omaru
® Okuma without record

1200 F ® Okuma with record s

ool ® *
I~ [
=
3 H
E o0}
b F . = .
8 : o ® L]
g 600 -~
g .
W b l
e =
g wor g

' . o
200 |-
oy °
0 — L 1 1 1 L 1
0 200 400 600 800 1000 1200

Estimated (mSv)

Figure 3 Cattle ESR tooth enamel doses obtained in the
present study in the vertical axis, versus the doses
estimated from the accumulation of environmental dose
rates in the horizontal axis.
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Figure 4 Simulated cumulative environmental gamma ray

dose (after Natsuhori et al., 2017). The figure shows the

total value including contributions from **Cs, 1%Cs, 1311,
1321 and 32Te.
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Figure 5 Distribution of the tooth enamel doses according
to the position. The measured values are expressed in
mGy, and the calculated values in mSv. B: Samples of

the buccal side. L: Lingual side
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