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Examination of the rapid analysis of radioactive Sr isotopes in seawater using liquid 
scintillation counting 
WATANABE, R., UESUGI, M., SAKAI, H., YOKOYAMA, A.
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Rapid determination of radiostrontium in water by solid extraction technique: part 1  
MINOWA, H., KATO, Y., OGATA, Y.
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Rapid determination of radiostrontium in water by solid extraction technique: part 2  
KATO, Y., MINOWA, H., OGATA, Y.
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Investigation of selective extraction of cesium and strontium by solvent extraction 
NAGAI, M., SHIRASAKI, K., SAKAMOTO, K., YAMAMURA, T.. 
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図1. HFC-43-lOmeeの構造式

` 図2. DCH18C6の構造式

FFFF FFFF 
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図 3. PFTOUDAの構造式

表1. 抽出条件とストロンチウムの分配比

抽出剤 |パートレル
補助剤 (002 M) 

(002M) 
なし OcPhCMPO I PFTOUDA 

XF X 002 士 009

DCHl8C6 I XH 0 03 士 0II 002 士 013 I s88ｱ0 19 
MCA 0.03 士 013 002 士 017 l 509 士 022 



Fukushima-derived radionuclides in the atmosphere observed in Tsukuba and Iitate 
DOI, T.,TAKAGI, M., TANAKA, A., KANNO, M., DOKIYA, Y., MASUMOTO, K.. 
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Transport of radionuclides to soil at Fukushima Daiichi NPS, TEPCO 
KOMA, Y. 
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Properties and Distribution of Radioactive Caesium of the Surface Soil of Japanese Cedar Forest in 
Fukushima
ISHII, Y., SASAKI, Y., KIKUCHI, N., WATANABE, T., ODA, Y. and NIIZATO, T.
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[1] V. P. Remez et.al., Appl. Radiat. Isot., Vol. 47, No. 9/10, 885-886 (1996).

3A08

Fluvial discharges of particulate and dissolved radiocesium from a forest catchment (JAEA)
TAKEUCHI, E., ANDOH-ATARASHI, M., NISHIMURA, S., NAKANISHI, T., TSUDUKI, K., 
KOARASHI, J., MATSUNAGA, T.
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Influence of potassium and ammonium ion in filtering the environmental radiocesium 
HIGAKI, S.,HIROTA, M., ITO, S.
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Elucidation of migration behavior of radioactive cesium and tritium in tea plants 
YUYAMA, K., SATO, M., KAMOSHITA, M., IKKA, T., MORITA, A., CHIKADA, T., OYA, Y
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Retention characteristics of radiocaesium in lichens and their applicability as fall-out indicator 
DOHI, T., OHMURA, Y., FUJIWARA, K., IIJIMA, K.
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(1Graduate School of Bioagricultural Sciences, Nagoya University) WANG, W. 1, KANASASHI, T.
1, SUGIURA, Y. 1, TAKENAKA, C.1

Introduction
The Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident in March 2011 resulted in the 

release of large amounts of radionuclides and contaminated large areas of forests in Fukushima 
Prefecture. To develop effective countermeasures to mitigate the impacts of radioactive contamination 
on forests and ensure the safe use of wood, understanding of the dynamics of 137Cs in forest ecosystem
is important. In present study, we investigated the distribution of radiocesium and its relationship with 
the other elements in different parts of tree body. The primary purposes are to clarify the uptake
pathway of 137Cs and to predict its behavior and accumulation within tree body. 

Materials and methods
Two tree species were selected for the study: Sugi (Cryptomeria japonica) and Koshiabura

(Eleutherococcus sciadophyllodides). Trees were collected from forests located about 30 km away 
from the Fukushima Dai-ichi Nuclear Power Plant. After felling the trees, stem disks from several 
vertical positions, branches and leaves were sampled. Disks were further separated into bark, sapwood 
and heartwood in laboratory. The 137Cs concentration (Bq kg-1) in different parts (bark, wood and 
foliage) was measured by gamma-ray spectrometry with a germanium semiconductor detector.
Multi-elements (K, Rb, Mn and 133Cs) concentration was determined by inductively coupled plasma 
mass spectrometer (ICP-MS).

Results and discussion
In the case of E. sciadophyllodides, the correlation between 137Cs and the other elements varied

among different tree components. 137Cs showed positive correlation with all the alkali metals (K, Rb
and 133Cs) in all the parts. The correlation between 137Cs and K, Rb in different tree parts was in the 
order of wood>leaves>bark, amongst, correlation between 137Cs and K was extremely significant 
(r=0.919, p<0.01) in wood and significant (r=0.641, p<0.05) in leaves. The same tendency was also 
observed for 133Cs which had the highest correlation with 137Cs compared to other elements. Since E. 
sciadophyllodides is a hyperaccumulator for Mn, we also studied its relationship with 137Cs, in contrast 
to alkali metals, high correlation was only found in leaves. 

The high correlation between 137Cs and 133Cs indicates that radiocesium was well mixed with the 
stable Cs within the biological cycle in the forest ecosystems two and half years after accident. The 
chemical similarities between 137Cs and K lead to the high correlation between them whereas the 
difference in wood and leaves may be attributable to their different physiological role. 
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Transfer of radiocesium in vegetables. 
KOBAYASHI, T.,SAITO, S., HARA,Y.,MURAMATSU,Y. and OHNO, T.
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Concentration Differences between Radiocesium and Potassium in Tissues of Herbaceous Plants 
TAGAMI, K., UCHIDA, S. 
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Correction of Sum coincidence effect using total efficiency  
- Sum Coincidence effect correction for Ag110m - 
HAMAJIMA, Y.
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Development of the modified sum-peak method 
OGATA. Y., MIYAHARA, H., ISHIHARA, M., ISHIGURE, N., YAMAMOTO, S., KOJIMA, S.

sum-peak
peak sum-peak

sum-peak
peak sum-peak

(!1, !2) N1 N2 peak
N12 sum-peak NT )0(w (N0)

(Brinkman et al1)

TRwNw
N

NNwN
N

NNN "#"#$
%

&
'
(

)
"# )0()0()0( T

12

21
T

12

21
0

(1)

T
R N0

N0 R T N0 = R
(1) NT

)0('
12

21
0 w

N
NNN # (2)

N’0 N0 (2) peak sum-peak
(2)

(modified sum-peak)
(RE) 40% 25% HP-Ge 22Na 60Co

Fig. 1 RE 40% 22Na
60Co ( )

22Na peak N1 ( ) 60Co peak
N1 ( ) 22Na 

( ) 60Co
N1

N1 = 0 N’0

1) Brinkman GA, et al., Int. J Appl. Radiat. Isot, 14: 153-157 (1963) etc

0 500 1000 1500 2000
10

20

30

40 0200400600

10

20

30

40

N1 (
22Na)

N1 (
60Co)

22
N

a 
ac

tiv
ity

  (
Bq

)

60
Co

 a
ct

iv
ity

  (
Bq

)

60Co22Na

3A16

Fig. 1. Measurement of 22Na and 60Co at once.

- 98 -



Application of the sum-peak method to 134Cs activity measurement 
OGATA. Y., MIYAHARA, H., ISHIHARA, M., ISHIGURE, N., YAMAMOTO, S., KOJIMA, S.
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Validation of matrix correction models in quantitative EPMA for accurate Chemical U-Th-total Pb 
Isochron Method (CHIME) dating 
KATO T.

EPMA U-Th-Pb CHIME

U Th Pb CHIME
EPMA 1

CHIME U Th
Pb EPMA
CHIME

EPMA X
EPMA

Armstrong[1] Love et al.[2]
U Th Pb Pouchou & 

Pichori[3]
Armstrong[1] surface-center Gaussian Love et 

al.[2] U Th Pb

[1] Armstrong, J.T. (1991) In: Electron Probe Quantitation, Heinrich, K.F.J. & Newbury, D.E. (eds), 
Plenum Press, New York, 261 – 315.
[2] Love, G., Cox, M.G. & Scott, V.D. (1978), J. Phys. D, 11, 7 – 21.
[3] Pouchou, J.L. & Pichoir, F. (1991) In: Electron Probe Quantitation, Heinrich, K.F.J. & Newbury, 
D.E. (eds), Plenum Press, New York, 31 – 75.

3B01

- 100 -



- 101 -

古筆切の顕微鏡観察・書誌学的考察を用いた間接的 14c年代測定法

3802 ー鑑真将来四分律等を例として一
（名大年代セ＼龍谷大古典籍セ 2, 多賀高 3, 中央大文り

小田寛貴＼坂本昭二 2, 安裕明 3，池田和臣 4

【緒言】鑑真は 753 年に来 H した唐の高僧であり，多くの経典•仏像•仏具・香料・薬をもたら

した．特に重要なのは，僧侶の守るべき戒律や組織運営の規則を記した 60 巻の四分律である．現

在，正倉院には大きく二種類の四分律が収められている．一方は，天平十二年御願経四分律 31 巻

であり，光明皇后が書写させた五月一日経に含まれるものである．しかし，誤記等が多く訂正跡

が散見されるもう一方は，唐風の楷書体で書かれた四分律であり，訂正がほとんどなく，正し

い本文をもつ．正倉院四分律の補訂再編に関する研究により，この唐経四分律が鑑真によっても

たらされた四分律そのものである可能性の高いことが指摘されている川本研究の目的は，この

正倉院唐経四分律のツレ（元は同一のシリーズであった経巻の断簡）と思われる古筆切「四分律巻

第二十七断簡」（以下，対象切）について，年代測定・顕微鏡観察・書誌学的考察を行い，その書写

年代を明らかにし，古筆切を利用した間接的な 14C 年代の可能性を提示するところにある．

【実験・結果】対称切には，「五月一日経」という極札（鑑定書）が付されている．しかし，書跡史

学的にも，また 14C年代からも，極札の記述が不正確なことは知られている．そこで，まずは対象

切と，五月一日経・唐経四分律の法量・界高等を比較した．三者とも，法量・界幅に有意な差異は

ないが，五月一日経の界高は他に比べてやや低く，また，字の大きさ・間隔は対象切と五月一日

経とで異なっている．次に，対象切についてデジタル顕微鏡 (KEYENCE 社製， VHX-1000) による観察

を行い，唐経四分律巻十八について得られている結果叫との比較を行った．資目・紙厚は両者で

一致しており，方形の透明な結晶（Cub i c Crys t al) の混入・打紙加工の跡がともに確認された．，そ

の上で，対象切の 14c年代測定を行った．対象切に裏打紙の無いことを確認した後，超音波洗浄，

HCI • NaOH 処理，グラファイト合成を行い，掬パレオ・ラボ Compac t· AMS によって， 1323 士 21BP と

いう 14c年代を得た．これは， 7 世紀半ば～ 8 世紀半ばの鑑真来日以前に相当する結果である．

【考察】書誌学的計測と穎微鏡観察の結果から，対象切は，五月一日経とするよりも，鑑真将来

経とされる唐経四分律のツレと判断できる．古紙も材料とする透き返しの紙である可能性がある

が，不純物に相違がみられる一方で，ともに Cub i c Crys t al と小さな粒子の存在が確認できるこ

＇とから，新しい猪繊維を主体として補助的に古紙を用い，同じ填料や染色繊維を使用したものと

考えられる．それ故，料紙の 14C年代は書写年代に近いと考えられる．当時の日本には 60 巻を完

備した四分律がなかったため，対象切およびそのツレと判断できる正倉院の唐経四分律 16 巻は，

7 世紀半ば～ 8 世紀半ばに唐で書写されたものであることになり，これらを鑑真将来四分律その

ものとする説を自然科学の面からも支持する結論を得た． 14c年代測定法は破壊分析であり，正倉

院蔵唐経四分律に直接適用することは困難であるしかし，そのツレと判断できる古筆切があれ

ば，書誌学的情報・顕微鏡観察． 14c年代測定を併用することで間接的に年代を得ることが可能と

なる．本研究は，この間接的 14c年代測定法を示す初例となった．

【参考文献】 1) 杉本一樹 (2007) 正倉院紀要第 29 号， (157) -(218). 

2) 正倉院紀要 (2010) 正倉院紀要第 32 号， (9) -(71). 

The indirect radiocarbon dating using microscope observation and bibliographical consideration of 

, kohitsugire 

ODA, H., SAKAMOTO, S., YASU, H., IKEDA, K. 



Radiocarbon dating of carbonized material attached to pottery: implications of chemical 
component of inner and outer surfaces on potsherds. 
MIYATA, Y., ONBE, S., HORIUCHI, A., SAKAMOTO, M., MATSUZAKI, H., IMAMURA, M. 
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採取した内・外面付着炭化物の炭素年代測定結果



Determination of V in geological reference samples by INAA and ICP-AES 
TAKAHASHI, H., SHIRAI, N., EBIHARA, M.
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Multielemental analysis of NIST and IAEA reference materials (NIST-1646a, NIST-1400, IAEA-450 
and IAEA-395) by INAA, ICP-AES and ICP-MS 
VU, C. D., RAYMOND, S., THIEN, T. Q., DOANH, H. V., SHIRAI, N. EBIHARA, M. 

Multielement analysis of NIST and IAEA reference materials 
(NIST-1646a, NIST-1400, IAEA-450 and IAEA-395) by INAA, ICP-AES 
and ICP-MS  

!

 
 

Introduction  Certified reference materials (CRMs) are greatly important in chemical analysis. They 
can be used as reference standard or quality control samples. A survey of literatures reveals that the 
number of published values for NIST-1400 (Bone Ash), IAEA-450 (Algae) and IAEA-395 (Urban 
Dust) is very limited. Certified values are available for eight elements, seven elements for NIST-1400 
and IAEA-450, respectively, but no certified value are given for IAEA-395 at present. In this study, 
three analytical methods (INAA, ICP-AES and ICP-MS) were used for the determination of a wide 
range of major, minor and trace elements of three CRMs (NIST-1400, IAEA-450 and IAEA-395). 
Besides these three CRMs, NIST-1646a (Estuarine Sediment) was analyzed as a quality control 
sample to estimate the accuracy and precision of our analytical data.  

Experimental  INAA - INAA was done at the Nuclear Research Reactor in Dalat, Vietnam. 
NIST-1400 and IAEA-395, and IAEA-450 weighing 30-50 mg were irradiated for 45 seconds and 5 
minutes, respectively. For long irradiation, 100 mg of each sample was used for 10 hours irradiation.  
ICP-AES and ICP-MS - Around 30-500 mg of each sample was acid-digested. The solution was used 
for the determination of rare earth elements (REE), Th and U abundances by ICP-MS, and for major 
elements by ICP-AES. 

Results and Discussion  NIST-1646a - Alminium, Ca, Fe, Mg, Mn and Ti values were determined 
by both INAA and ICP-AES. Our data obtained by these two methods are in excellent agreement with 
each other and also with certified values except for Mg. The data for Mg abundances determined by 
INAA had interference from 27Al(n,p)27Mg reaction. Its contribution (up to 70%) was corrected, but 
the data quality was not satisfactory. The elemental abundances of some REE (La, Ce, Sm, Eu and 
Dy) and Th abundances determined by both INAA and ICP-MS are consistent with each other, and 
information and literature values.  
 NIST-1400, IAEA-395 and IAEA-450 – Twenty seven, 
28 and 39 elements were determined for NIST-1400, 
IAEA-450 and IAEA-395, respectively, by INAA, 
ICP-AES and ICP-MS. Figure 1 shows CI chondrite- 
normalized REE abundance patterns for NIST-1400 
and IAEA-395. Our data for these samples are in good 
agreement with literature values. Although absolute 
REE abundances are different, CI-normalized REE 
abundances patterns are similar to each other and even 
to those of continental crustal materials.  
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Neutron activation analysis of household aluminum foils - Comparison between comparative method 
and k0-IAEA method - 
MIURA, Y., OURA, Y.
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INAA of Chinese medicine and herbs 
FURUTA, E., SATO, N., OKUMURA, R., IINUMA, Y..

2013 APSORC13 119

2 As Hg
Hg

2014
X

2 As, Hg
2 1

2 18 9
2

KUR 1MW 0.5 2.5 1
1 3 X

X Ultima- JCDD

279 keV 203Hg
1 SD

Ca, As, Hg
X X As

Realgar As4S4 ) Hg Cinnabar HgS
, As4S4 ) Ca Calcite CaCO3 ) As

Hg
Sb

As, Hg

1 2

(ppm)

No Ca-47 As-76 Sb-124 Hg-203

1 34,400 83,000 250 16.0

2 10,800 220,000 21.1 1.19

3 18,000 85,800 204 7.36

4 199,000 74,000 330 74,000

5 71,000 64,600 305 79,300

6 23,400 553 0.419 1.25

7 149,000 12,400 6.01 30.8
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A Factor Affecting Activity Distribution of Radioactive Aerosols Formed in Accelerator Target Room
YOKOYAMA, S., OKI, Y., SEKI, S.. 

Fig. 1
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Application of ICP-MS to determination of 129I in field soil around Tokai Reprocessing Plant 
NAGAOKA, M., YOKOYAMA, H., FUJITA, H.. 

Fig.1 Procedure for the determination of  
Iodine-129 by ICP-QQQ.

Measurement by ICP-QQQ

 
 

 -129 129I 1570 Xe
-238

129I
129I 129I

1982 129I
AMS 129I

ICP-QQQ 129I ICP-QQQ
129I

AMS 129I ICP-QQQ
 

1 km 2 km 3 km
129I

AMS[1] 2011
2012 60
5 2 100 

g 200 1000
0.5 g

PdI2

600
0.5%TMAH

Fig.1 Agilent Technologies
ICP-QQQ ICP-QQQ

129Xe

AMS
High Voltage Engineering 

Europa
ICP-QQQ  

ICP-QQQ 0.7  mL/min 129Xe 127IH2
+

129I
0.1 mBq/kg ICP-QQQ

129I AMS
80 ICP-QQQ 129I

[1] Y. Kokubun et al., RADIOISOTOPES, 60, 109-116 (2011) 
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Soil sample (100 g) 
• 

Combustion at 1000 ℃in quartz tube 
• 

Trap in charcoal (0.5 g) 
• 

Leach in NaOH solution 
• 

Solvent extraction 
• 

Back-solvent extraction 
• 

Pdl2 precipitation 
• 

Dissolved in 0.5% TMAH solution 
• 



Sequential separation of ultra-trace multi-elements including Pu
MIYAMOTO, Y., YASUDA, K., MAGARA, M..

Pu

(240Pu/239Pu )
Pu 10 (10-11 g) / kg

(10-9 g)
(1)

Pu
242Pu 11 pg ICP-MS Th 200 pg (AcOH)

1 mL
(MCI-GEL CA08P, 75 150 !m, Cl ) ( 4 mm, 70 mm, 

0.84 mL)
AcOH HCl HF Th Pu

AcOH HCl
4 mL

2% HNO3

ICP-MS (ELEMENT-1)
(cps) Pu Th

(%)

Fig.1 Th Pu

Th 70 AcOH + 1M HCl + 
0.1M HF Pu Th

AcOH
60 Pu
HCl Pu

Th 10
70%AcOH + 2M HCl + 0.1M HF

Pu Pu

(C)(25340078)
(1) Y. Miyamoto et al., J. Nucl. Radiochem. Sci., 10 [2], 7 (2009).

Fig.1 Elution profiles of Th and Pu.
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Elution column volume (1CV = 0.84 ml) 



1) D.Suzuki et al., Chem. Lett., 41, pp.90-91 (2012)
Alpha-ray measurement of dissolved plutonium particle on the TIMS filament
YASUDA, K., SUZUKI, D., KANAZAWA, K., MIYAMOTO, Y., ESAKA, F., MAGARA, M..

TIMS
JAEA

JAEA

( ) SEM-EDX TIMS
1) SEM-EDX

TIMS

(238Pu+241Am)/(239Pu+240Pu) TIMS

(SRM947) 1 !m
(238Pu+241Am)/(239Pu+240Pu) TIMS

Re
SEM

(SRM947)
SEM 1.0 1.5 !m 5 SEM

TIMS Re ORTEC
OCTETE-Plus, BU-024-600-AS

- 5 mm 10
1 SEM

68% HNO3 10 !L
68% HNO3 + 38% HF 10 !L

SEM
2

-
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EEC radon in underground research facilities (JAEA) 
FURUTA,S., IKEDA,K., MIKAKE,S., IMAEDA,Y., NAGASAKI,Y., SUZUKI,H., NOMURA,Y.

2012 2013

2012 5 12 2013 6 12
WLM-Plus(Tracerlab

300m

3,300 Bq/

(2000 ) 9×10-6 mSv/(Bq h/ )
300m

10 15
1

11 15

2012 5 7 2013
7 1,880 Bq/ 2013 8 765 Bq/

7 16
7

10
2013 8 0.069 mSv

9 11
2012 2012 2013

0.35 mSv 1mSv

Table EECRn and estimated effective dose to workers 

*Data collected less than 3 days 
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North-south transection of Be-10 concentration in seawater in the Indian Ocean 
YAMAGATA, T., INOUE, K., TAZOE, H., MATSUZAKI, H., NAGAI, H. 
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!"#$! KL"IMNOPQR 10Be(STU 136 VW)X!Y>ZP[\KL"]!Y^_`
a%ba]_NcdPIMeRfIMghijklmnopqreRst%!Y^_ 10Beu
vXwvxyz{|f}s~�m�����Zm��R 10BeuvXwvxyz{|f��P
X�Z_uv��/�Zm�Rm|��uv��!eR����l�_�vxyz{���

����X��W���W�v]� ���Rf10Be _¡¢£X!Y_¤PQR¥]%�Z
_uv�wvxyz{|¥]����¦§_¨©ª�ª]p�«�R¥]�¬R®¯°�

QR�%10Be X±²�³p�¥]����^_uvxyX}´x�µ����f~¥P¶·
#PX�¸¹�_ 10Beuv_º»¼½!±z¾�%uv_½¿ÀzÁÂ%�vxy_MÃm
|��ÄÅeR¥]zÆÇ]psf 
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ÛÜÝ (Fe 0.5g, Be 0.2mg)zÖ×sfui¸ÞßiÔ 25mLPØàázÁMpsfØáâzã
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�_�v 300mò����¸¹�_ 2000mò�m+�� 10Beuv_õ�Ô,�»m-.m_
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10Be cone. / atoms cmｷ3 
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Application of pulsed optically stimulated luminescence using natural mineral to retrospective 
dosimetry 
Fujita, H.. 

OSL
OSL

OSL
OSL OSL 

OSL 
OSL

OSL
9 2

4.2 Gy X
OSL 4.2 Gy

4.2 Gy

4.3 Gy
OSL 

OSL
40 s 200

OSL
OSL
0.3 1 Gy

9 OSL
6 3

OSL
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Study on tardigrades with radiation resistance 
MIYAZAWA,T.,OYA,Y. 

1
4

74T60Co

Milnesium tardigradum

(1) -20
(2) -78 1
(3) -195

10
(4) 3
(5) 60Co 1000Gy,2000Gy,3000Gy,4000Gy,5000Gy

(1)

(2)
(3) 4000Gy

4000Gy
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