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Determination of trace lanthanoids in rocks and meteorites by
radiochemical neutron activation analysis
RBRFEII D0, K, BERR
HE R R R A T 7R

(IIr®iz]

7 t#t#% (Rare earth element; REE) 13MiZk - FHLF THRBDEER LRI IN—TD—DT
H5. REEIZ—HOHIREG LN ONDBEAEY A T THRIMEBL TS, TOLZDBENWEEED
B CIERRERBEZ RD 2 20T B L FFEF BN (Radiochemical neutron
activation analysis; RNAA) ENER S EHEEDOEWATIEE WA S, RNAA IZXK D IEMZ REE O
F—F B5DEHIEBU OFETFHERSRIC L 28F T ETHE (light REE; LREE) NO&FE
EELLMHETAHEND D, AR TIIZORMIFICESEZY TONEDOMZIT > 72, O
FOBRKBERIIEIC LREE DWE<HEBE L TWBHBEAEV I —TTh51L 71 MMEAH D REE FHE
EEZ2RDBZETHS. AL F1 FVEAIEHAS MM L ZEAENE-ERTICHEDS T, 1k
B2 ORRERBG /N —TTH 5.

[2Bx]

RENIAAEERE IP-1 (> T 28), JR-2 (A, IG-2 (JERA) 1A, Allende (CV3)
BADIHZITo/z. ELRAEBTHS L F1 b iB (NWA 2234, NWA 3222) b0 %
fiol. BFREHE 70 mg ZEREICHAL, HLELEOMFAEERE & & BITHAREF IS
BE FE AR O RFZE AR 747 JRR-3 (B E T3 9.6 X 108 em™?s™) 12T 24 RE TR 217 7.
RNAA D#:4E1X Minowa and Ebihara (2003) [1] Z&iZfTo72. ZOHEIIKELY - 7 vy
WEEDERERA A M, ME 70 NS 7128 TRET S, (LRNRIFEEE TS5
RFFHAS NI (ICP-AES) 2L DR,

IS IAME TS AT ER/ED DN RERY “Bano UEERT S I EZ5HEL TW
4. 2T Ba DB EMRT 2720 8Ba, 38Ba &, IS5y BAEDOHEICRD ETFRINHMK
EHEEFE(*SC, 9'Cr, Fe, °Co) ZAWE ML —UEREZ{TH>7Z. 2O KL —HHEBRTIIRNAA O
BIEZBW, 7IVAYRE, KB - 7 bWt BRERZIT 2.

(#ER - ]

N —YERICED BaBLOHETLRORE 2R L7z, BEWEREETY 57 a 2 PICER
NHBaDBIIERTELRETHO, BROZ < BaNEINTES DT IVA U BRRILEZBMHEL,
TORZTKICKOBET IV UEEETTRBIEMZERLZRO EBABETH/TZ. 2O E
MHREE 7572 a > HTIEMBans Wa NOBELRIBVHATEL EEZX5NS. KzF—ild



FNSDO U ERICIIBaNBRBEEINTESZ T 57 3 > HOESHEREE YBa 2FHET 5
FETHD. ZODTI0aiidhETHBICEVERLE Ba EEHBEENTHBD, Zhdty
BRBIEDONY 7759 RLN\)V2 EiF5720 U ORBEFRITER SO U/Ba HITKET S &
IZ72%. LML “Ba DIEBETH S a2 ERICHNVNIEIBaEOEELZZTIWRERLE
BIBHIENTES. Allende BEDOBEDORETIE a2 WEHN YBall k> TEET S &L
D HFIUH U OBREBRANTNS LHEEINS.

JP-1, Allende 1Z=[H], JR-2,JG-2 BX UKL 1 b _@ABHI—EID 547 217 REE OE B Z1T
272, U NS DOERHEHDEFEEZZIT 5D YLa, “Ce, 'Nd ThH 5. Allende 12 LREE 12Xt L
UBEENDRBRWZOHEINESRETSIT La, Ce, Nd DWTNTH 1B T THB7-DMIE
21707, %@ii@ﬂﬁf)‘cm{ﬁ EHEITRN—KERLE. —F JR-2, JG-2 13 LREE N&F
& B WX BETHEOBRRIIIDFENEHTERN. KT Ce & Nd TIHEFHN
10% %/ BA 5729 %%m%@%ﬁxé._mbmiiwﬁﬁﬁmﬁﬁwﬁméﬁﬁ:&ti@%ﬁ
BICLDEDNWE IP-1 BZEIHLTHBY, TNTNORHEEEBICEAIHTFEE2MELZETA
ZEOERERENNI BT, $Wﬂ@ﬂ%1@ﬁa@@G&k&%%ﬁﬁiDéf@n%fﬁ
WEZRLU 22, W DD ERE2,3]&—H L =i & /xo 7.

FAERERE & Allende OBARFEIIEMED U BEZHAWVWTRED 275722, SRS
L3l T4 PR BT U BENREEINTWAVEZDIL S M — T THEINTWSH
THERObEWUREZAW:E, CITHE LBARFEIRDZEEZZT S Ce TNWA 2234 T
1 1%ELF, NWA 3222 TIX 3.5%EA R &2, ZHIEELRETHD. ZD/-H4[E LREE OF
BEZRDDITHZD L T4 F ZHBHIBAHRF S OMIE 2 TN > 2. NWA 2234 & NWA
3222 OKGREEELEE TH 5 CI chondrite  DEFEE THIEZIL L /= REE BHEE/(\Y — i3k
HLELENHBL TWDE V FERO/)NY — > EMHMIZ LREE 2B LEF TETRICEDA B
IWODNNY — BTN TNRLE. ZODONNY — 23BN 514 D REE X —2T
HV, LREE OMBIIBZ 5 BREARDTORMOMBETH B EEZISND. —FK, VERNRY—
WX LREEICEE/RMIRRAMT K DIERD, L T4 MEREETORR T O A TER L - IRIER
DRIy TUEDEZEZLNTVS. AMETIIIL 14 PZFHBHIX U TEARFS O
EZfThAaMho 728, HRICE THRERMEREL CEHNENZBAE Tt L TORILEDEEIC
KD URENGESZO>TWBHAREEDH D, FH—iEHIx U TREE &M UREZRD 5 0E
NH%5. G%REE & U OFFREREORNZITI FETH 5.

[1] H. Minowa and M. Ebihara, Anal. Chim. Acta 498 (2003) 25.

[2] A. Makishima and E. Nakamura, Geostand. Newslett. 307 (1997) 21.
[3] P. Dulski, Geostand. Newslett. 87 (2001) 25.
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(A study on evaluation of atmospheric environment from an aspect of

particulate matter in snow cover)
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Trace Element Analyses of Howardites and Polymict Eucrites
using NAA Methods

B.S. Wee*, Y. Oura, M. Ebihara
Graduate School of Science and Engineering, Tokyo Metropolitan University, Minami-ohsawa 1-1,
Hachioji-shi, 192-0397 Tokyo, Japan.
*Present address: Malaysian Nuclear Agency, Bangi, Kajang, 43000 Selangor, Malaysia.

Introduction

Meteorites are rocks fall from outer space. Meteorites are very old and their chemical compositions are
essential for understanding of processes occur in the early solar system. In this study, we will focus on the
differentiated meteorites from asteroid source. This group of meteorites consists of howardites, eucrites and
diogenites (HED). The HED meteorites are believed to originate from asteroid 4 Vests due to their
similarities in reflectance spectra (McCord et al., 1970). Impact events in the parent asteroid have caused
melting and mixing of various rock types, which formed the polymict breccias: howardites and polymict
eucrites. Many of these howardites and polymict eucrites have no data for their trace element concentrations
and this study provides the first data from neutron activation analysis (NAA). This study aims to determine
chemical compositions of howardites and polymict eucrites and to put some constraints on the presence of
impactor materials.

Experimental

Seventeen meteorite samples were requested from National Institute of Polar Research (NIPR), Japan, and
Meteorite Working Group of NASA, America. There are thirteen howardites namely CRE 01400, EET
87503, EET 87513, EET 99400, Kapoeta, LAP 04838, LEW 85313, MET 96500, QUE 97001, QUE 97002
QUE 99033, Y-7308 and Y-691573. The polymict eucrites are ALHA 76005, Y-74450, Y-75015 and Y-
792769. All of these meteorites are from Antarctica except Kapoeta which is from Sudan.

All meteorite samples were homogenized in acid-cleaned agate mortar. In the initial experiment, all samples
were subjected to prompt gamma-ray activation analysis (PGA). About 300 mg samples were packed using
FEP films prior to PGA experiments. Irradiations were performed at the thermal neutron beam of JRR-3.
Irradiation time is about 2 hours for each samples at neutron flux of 10* n cm™s”. Reference standard JB-1
and quality control material Allende were also included. High purity chemical reagents of B, Co, Cr, Mg, Ni,
Na;SO4 and NH4Cl are sued for elemental quantifications. Empty FEP bag was also irradiated for blank
correction for elements Al and Na which is rather low at 0.28% and 0.01%, respectively.

Instrumental neutron activation analysis (INAA) consists of 2 irradiation schemes (10 s and 10 min).
Samples of about 40 — 50 mg were doubly-sealed into PE bags prior to irradiations. For INAA, different
irradiation and counting schemes are required to determine various elements in the sample. Short irradiation
(10s) was performed at JRR-3 PN3 with neutron flux of about 1.5 x 10" cm™s™ and Cd-ratio of 290. On the
other hand, long irradiation (10 min) was performed at HR-1 with neutron flux 9.6 x 10" ¢cm™s™ and Cd-
ratio of 8. It is common that a short irradiation of 10 s and counting time of a few minutes are required for
determination of short-lived radionuclides such as Cl, K, Mg, Mn, Na, Ti, and V. A longer irradiation time of
at 10 min is required for the determination of long-lived radionuclides such as Au, Co, Cr, Ir, Fe, Ni, rare
earth elements, Th and Zn. Because of the variable half-lives of radionuclides, different cooling and counting
schemes are utilized to obtain good counting statistics for most of the elements analyzed. Gamma-rays from
the radionuclides are measured using Ge detectors fitted with multi-channel analyzer. Samples after the 10
min irradiations were measured at the Radioisotope Research Laboratory of TMU at different intervals in
order to obtain data for various radionuclides. The spectra obtained from the detector are then analyzed using
computer software to identify the various gamma-ray energies of each radionuclides. The peak areas for the



gamma-ray energies specific for the elements are calculated. A relative method using JB-1 as reference
standard is used for most of the elements while Allende is used for Ni, Ir and Au quantifications due their
low abundances in JB-1 (basalt).

Results and Discussion
PGA data of Allende

The Allende powder sample was analyzed repeatedly by using PGA during the course of this study. In The
results of Allende in three runs are within 20% of literature values values (Jerosewish et al., 1987;
Kallemeyn et al., 1989) except for Mg (585 kev) which deviates about 20 — 40%. The error bars are 1o of
counting statistics. For Si determination, the use of 3539 keV gives relatively good accuracy compared to
1273 keV. The element Mg was determined using 2828 keV and gives better result than the use of 585 keV.
For the determination of Na at 472 keV which is interfere by B broad peak, the results are acceptable within
20% of literature values. The present data show that Mg 2828 keV peak and Na 472 keV give reliable results.
Generally, the Si data from PGA is the most reliable than other elemental data where INAA is more superior.

INAA data of Allende

The elements from Na to Zn are in agreement with literature values (Jerosewish et al., 1987; Kallemeyn et al.,
1989) to about + 20%. Elements from Ga to Hf deviations from literature values are larger than 20% except
for La, Sm and Eu. Most of the heavy elements such as rare earth elements are imprecise as their low
gamma-ray peaks interfered by high background and adjacent peaks which make their determinations
difficult. Results between two runs deviate up to 11% except for Ga, Yb, Lu and Hf which show larger
discrepancies but most of these results are within uncertainty in these two determinations. Only Tb shows
two different results without overlapping. For element Tm, results are too high as the low energy peak is
interfering by X-rays from decaying heavy elements and from lead shielding. For major elements Na, Mg, Al,
K, Ca, Ti, Cr, Mn and Fe, and trace elements Sc, V, Co, and Zn, INAA data are preferred due to their good
sensitivity. For other trace elements Ga, La, Ce, Sm and Eu could be used as information values. Thus, the
REE, PGE, Th and U contents in meteorites are determined using ICP-MS which has good sensitivity and
accuracy.

Siderophile elements in howardites and polymict eucrites

Siderophile elements such as Co, Ni, PGE and Au are useful indicators for the presence of impactor
materials because these elements are depleted compared to lithophile elements. Depletion of siderophile
elements is due to their silicate-metal segregation. The presence of chondritic materials will increase the
siderophile element contents in HED meteorites. The Co, Ni, Ir and Au of howardites and polymict eucrites
are enriched compared to pristine eucrites and diogenites (Warren et al., 2009) indicate the presence of
possible contaminations from impactor materials. In howardites, the CI-normalized values of Co, Ni, Ir and
Au are within 0.1 — 0.001, which are higher than those of polymict eucrites analyzed in this study (Fig. 1).
This signifies the presence of foreign materials with higher abundances of siderophile elements. In Kapoeta,
LEW 85313, MET 96500 and QUE 97002, their Co, Ni, Ir and Au abundances are higher than the other
howardites and polymict eucrites. In a Ni-Co plot (Fig. 2), howardites analyzed in this study are scattered
within the ranges of literature values. A few of the howardites have Ni-Co abundances similar to those of CI
signifying the presence of chondritic materials. However, variability in mixing of indigenous rocks may
contribute to Ni and Co contents in howardites.The Auw/Ir and Ni/Ir values for howardites and polymict
eucrites are plotted in Fig. 3. It is evidence that the Yamato polymict breccias (Y-7308, Y-74450, Y-75015,
Y-791573, Y-792769) are outside the chondritic ranges due to their high Au abundances. Gold
contamination is suspected in the Yamato polymict breccias. Many howardites show overlapping of Ni/Ir
and Aw/Ir values with those of chondrites making it difficult to put constraint on the types of impactor
materials present in these meteorites as demonstrated in Fig. 3.
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Summary

Both PGA and INAA methods are complimentary and they are very useful in getting essential information
for howardites and polymict eucrites. Many of these data are firstly reported for these meteorites, which
serve as reference data for future study. Among the howardites, Kapoeta, LEW 85313, MET 96500 and QUE
97002 contain higher siderophile elements possibly due to presence of chondritic materials. Polymict eucrites
show lower siderophile contents (less than 0.01 x CI values) than those of howardites. It was found that
polymict eucrites and howardites from the Yamato collection show high abundances of Au indicating
possible contamination during curation.

The howardites and polymict eucrites analyzed in this study show variable abundances of siderophile
elements suggesting that impactors of variable chemical compositions may have collided with the HED
parent body. Further study using platinum group elements are in progress, which will enable us to discuss in
detail the impactors of HED parent body.
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Source Apportionment of Airborne PM10 at a Small Industrial Area

using INAA and PMF

Jin-Hong Lee

Department of Environmental Engineering, Chungnam National University, Daejeon 305-764, Korea

Abstract

In this study, we measured 28 trace metals and 3 ionic components associated with airborne PM10
samples collected at Daejeon Industrial Complexes I and II, Korea from April 2000 to December 2002. The
concentrations of metal elements and ion components of the samples were analyzed using instrumental
neutron activation analysis (INAA), inductively coupled plasma-mass spectrometry (ICP-MS), and ion
chromatography (IC). Positive matrix factorization (PMF) and conditional probability function (CPF) were
applied to these PM data sets to identify the diverse sources in the industrial area. A total of nine source types
were identified to be important which include: secondary aerosol, cement/construction, soil dust, road dust,
vehicle exhaust, incineration/Pb-related industry, metal smelting, fossil fuel combustion, and field burning.
The unique source in study area is found to be originated from cement/construction with high concentration
of Na and Ca from plaster factories and construction activities. The contributions of grouped sources to
PM10 were estimated to be 48% by fugitive dust sources (cement/construction, soil dust, and road dust),
23% by secondary aerosol with regional sources, 20% by industrial activities with combustion type sources
(incineration/Pb-related industry, metal smelting, fossil fuel combustion, and field burning), and 9% by

vehicle exhaust.

*jinlee@cnu.ac.kr
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APPLICATION OF NEUTRON ACTIVATION ANALYSIS AND THAI FOOD

Sirinart Laoharojanaphand*', Arporn Busamongkol', Vorapot Permnamthip', Kunchit Judprasong® and
Ratirot Zwicker'
"Thailand Institute of Nuclear Technology, Ongkharak, Nakhon Nayok, Thailand
*Institute of Nutrition , Mahidol University, Salaya, Nakhonpathom, Thailand
* corresponding author

Introduction

Thailand Institute of Nuclear Technology (TINT) is a governmental public organization under the
Ministry of Science and Technology (MOST), the Government of Thailand. It has been established in
2007 by spinning off from the Office of Atoms for Peace, MOST. The office is responsible for carrying
out nuclear research and development programs of the country. It works closely, but independently, with
the Office of Atoms for Peace, the nuclear regulatory body of Thailand as well as other international
nuclear institute. Several co-research and development in nuclear are actively carried out with various
nuclear research institute abroad like JAEA, FNCA, ANSTO, US DOE, IAEA, KAERI etc.

Nuclear Research Reactor in Thailand

TINT is also responsible for the operation and utilization of the Thai Research Reactor (TRR1/M1). It
is a TRIGA Mark IITI light water swimming pool type reactor. Even though the reactor has reached its first
critical in 1962, to date the reactor is still safely operating at 1.2 MW thermal power, 45 hours per week.
The main utilization are NAA, isotope production, neutron scattering, gemstone enhancement, mutation
breeding. With the average in-core flux 10E13 n.cm2.s™!, various irradiation facilities are available both in
core and out of core.

Neutron Activation Analysis Techniques at TINT

NAA technique has been carried out at TINT since the reactor reached its criticality over 45 years ago.
To date, NAA techniques has been utilized by Thai researchers for elemental characterization of various
kinds of samples. NAA techniques developed at TINT include instrumental neutron activation analysis,
epithermal instrumental neutron activation analysis, prompt gamma neutron activation analysis,
radiochemical separation neutron activation analysis. Despite of the age of the reactor, researchers are
still developing other NAA technique especially NAA for inhomogeneous samples called large sample
neutron activation as well as pseudo-cyclic neutron activation.

Applications of NAA in Thailand [1}

Elemental composition in various kinds of samples are being determined by NAA. Environmental
study includes air pollution, water pollution, soil and sediment contamination. Food and health samples
are heavy elements and nutritious minerals in rice and individual food items, contaminants in body fluid
and fingernail. Minerals and mining exploration as well as for exporting are being carried out for major,
minor and trace elements in rocks and ores. We also analyze elements in export products, gems and jewel.
In agricultural samples are organic and chemical fertilizers as well as phosphogypsum Some elemental
compound are determined to support the identification of archeological subjects by fingerprint matching.

NAA and Thai silk industry

NAA techniques has recently been applied for the analysis of toxic elements in different type of silk
products. Some examples are silk cloth which are materials for various household items, sericin and
fibroin powder which is valuable for cosmetics and health food. We also analyzed silk lava which is a
famous and nutritious snack for Asian people.



Toxic and nutrient minerals in Thai Food.

TINT also corporates with the Institute of Nutrition, Mahidol University, Thailand to obtain the
elemental composition in Thaifood. Data obtained will be valuable for updating the Food Composition
Table of Thailand. Thus both nutrient and toxic minerals in Thai Food have been carried out.

Elemental level in varieties of Thai rice and beans by INAA [2,3] is first carried out aiming at the
major food items consumed by most Thai people. Table 1 demonstrates the condition applied for the
INAA technique for food samples. The validation and limit of detection of the analysis were carried out
by measurement of certified reference materials including NIST 1568a, ACSP DORM-1 and NMIJ 7302-
a). The results are in good agreement as shown in Table 2. To verify the elemental concentration in Thai
rice and beans, commonly consumed varieties of rice and beans were obtains from 3 major distribution
centers in Bangkok. In each center samples were bought from at least 3 vendors. The same type of
samples in each distribution centers were then added together, thus forming 3 sites for each type of rice
and beans. Samples were then prepare for analysis by the method mentioned elsewhere [3]. Results of
rice and beans are tabulated in Table 3and 4, respectively.

Table 1 Irradiation, decay and gamma ray measurement of food samples

Nuclides Facility Neutron flux T Tq T, Nuclides

(n. ecm™s™) (sec.)
Short Pneumatic 2 x 10E12 25sec. 2 min. 200 Al, Ca, Cl, Cu,
half-life Transfer Mg
Medium Epithermal 1.8 x 10E9 12 hr. 24 hr, 1800 As, Br, K, Mn
half-life out-core
Long Lazy Susan 3.4x 10E11— 36 hr. 2 week 3600 Cr, Fe, Se, Zn
half-life 5.6 x 10E11

Table 2. Validation of INAA by using NIST 1568a, ACSP DORM-1 and NMI1J 7302-a)

Elements Concentration (mg.kg™) LOD
Measured Certified (mg.kg™)

Al 4.2 4.4 0.06
As 0.28 0.29 0.01
Br 7.9 8.0 0.1
Ca 117 118 15
Cl 305 300 0.3
Cr 3.54 3.60 04
Cu 2.5 2.4 0.8
Fe 54400 54000 16

K 1270 1280 14
Mg 550 560 29
Mn 19.7 20.0 0.6
Se 1.65 1.62 04
Zn 19.7 19.4 0.3




Table 3. Elemental concentration in Thai rice

Concentration (mg.kg™")
Al As Br Ca CI Cr Cd Fe K Mg Mn Se Zn
M1 31 011 045 <15 263 <04 <14 <16 560 59 83 <04 26.1
jasmine M2 25 008 140 <15 240 <04 <14 <l6 500 51 7.5 <04 233
M3 22 015 046 <15 313 <04 <14 <16 900 198 13.6 <04 205
M1 33 017 048 <15 314 <04 <14 <16 2230 1083 26.6 <04 26.7
Brown M2 38 010 036 <15 315 <04 <14 <16 2300 1137 23.1 <04 22.1
jasmine M3 27 021 062 <15 347 <04 <14 <l6 2800 1276 333 <04 217
Ml 23 008 040 <I5 214 <04 <14 <16 660 84 99 <04 203
Glutinrice M2 25 0.08 034 <15 204 <04 <14 <16 500 51 7.7 <04 229
M3 22 011 055 <15 299 <04 <14 <16 700 42 10.1 <04 21.0
Black Ml 48 009 0.67 <15 205 <04 <14 <16 3070 1209 32.6 <04 255
glutinrice M2 4.0 0.11 065 <15 200 <04 <4 <l6 2700 1139 286 <04 244
M3 46 0.15 122 <15 256 <04 <14 <16 3000 1200 362 <04 248

Black Ml 9.1 019 075 <15 255 <04 <14 <16 2400 1500 55.7 <04 263
sapphire M3 103 020 0.61 <15 357 <04 <14 <16 3400 1500 42.6 <04 343
jasmine

Pink Ml 9.1 011 <01 <15 176 <04 <14 <16 2100 1000 26.5 <04 214

jasmine M3 111 0.13 <01 <15 255 <04 <14 <16 2500 1100 28.1 <04 26.1

Table 4. Elemental concentration in Thai beans

Concentration (mg.kg™")
Al As Br Ca Cl Cu Fe K Mg Mn Zn

Black M1 220 <0.01 130 550 1.1 <09 494 11700 1200 16.8 464
eyed M2 222 <0.01 145 521 1.0 <09 464 11400 1365 124 364
bean M3 141 <001 044 700 90 <09 160 15100 2300 203 369

Ml 226 <001 127 1297 23 <09 488 11900 1250 10.5 394
Green M2 214 <001 1.01 1027 1.7 <09 472 12400 1414 135 33.1
bean M3 108 <0.01 092 1300 640 <09 <16 13100 1600 122 8.5
Peanut M1 33.7 <0.01 0.51 612 1.3 <09 285 6300 1420 204 494
M2 397 <001 105 346 1.1 <09 315 6800 1410 238 363
Ml 256 <001 1.69 1037 12 <09 558 13200 1350 134 374
Red M2 266 <001 1.13 653 1.1 <09 591 11600 1342 15.1 38.0
bean M3 202 <0.01 135 1100 100 <09 <16 12000 1600 15.1 8.2
Red Ml 212 <0.01 175 1230 14 <09 719 14500 1120 13.6 28.7
kidney M2 265 <0.01 142 867 1.7 <9 607 13500 1160 140 269
bean M3 357 <0.01 <0.1 1000 168 <09 <16 18700 1600 153 349
Soy Ml 351 <001 122 3250 05 <09 856 17500 1740 254 533
bean M2 430 <001 162 2595 04 <09 89.0 14300 1791 252 53.1
M3 204 <0.01 220 2800 56 164 <16 19900 2600 33.6 58.1




Cyclic INAA technique to analyze selenium in food [4],

As selenium is one of the important elements for nutritionist, The researcher at TINT together with the
expert from Dalhousi University, Canada, has developed the cyclic neutron activation analysis for
determination of short half-life selenium in Thai food. The method proofed to be accurate, fast and
sensitive for the analysis of trace selenium level in Thai food.

Elemental Study in Soybean and Products by Neutron Activation Analysis [5].

Since soybean is one of the food items commonly consumed in the region, special interest has been
attack for evaluating the elemental composition of soy bean and its products especially various kinds of
tofu. Results of the study are shown in Table 5. From the study of elemental composition of soybean and
its products, we can conclude that after food processing, there is some elemental change because of food
preparation steps may invole heat treatment as well as adding of some other compound which may contain
some additional of other elements. Thus the nutritional contents changed after food processing.

Table 5. Elements in soybean and its products mg.kg™

Soybean Soft Firm Jelly tofu Egg tofu Tofu Soy
tofu tofu sheet protein
Al 7.76 14.84 17.06 18.23 16.71 6.59 12.82
Br 1.74 1.26 103.97 1.02 15.80 LD 0.57
Cl 45.52 1962 9123 194 31111 10.21 292
Cu 14.7 16.0 17.8 16.6 LD LD LD
Fe 75.20 86.23 81.68 103.88 67.47 100.31 86.60
I 0.92 0.84 0.75 036 3.94 1.47 0.16
Mn 3175 41.56 44.85 38.14 LD 4222 46.98
Na 11 108 3941 847 30569 252 29.38
Se 0.13 0.24 LD 0.16 1.02 0.09 0.094
Zn 34.9 63.1 56.8 61.8 40.1 63.9 55.1
Ca(%) 0.27 1.04 0.29 0.34 LD 0.21 0.29
Mg(%) 0.23 022 0.54 0.27 LD 0.18 0.23
K (%) 1.72 0.84 0.58 1.46 271 0.37 1.54
RNAA for Cd in rice

Another problem in the food project occurs from heavy metal contamination. Since rice is the main
staple food in Thailand, the contamination in rice will heavily affect the health of the Thai people. In the
past few years, it has been reported that local people living the specific location in the northern part of
Thailand suffer from itai itai symptom. Thus we have analyzed for cadmium in eleven rice samples
collected in the contaminated area by using RNAA technique [6]. Additionally, we also applied the
technique for eight different varieties of common rice from all over Thailand collected for various local
markets. Total of 50 rice samples were included in the study. Table 6 shown the cadmium content found
in these samples.



Table 6. Cadmium content in rice by RNAA

Rice sample Mean Cd (mg.kg-1)
Leb nok 0.0065
Cho lung <0.006
Boton <0.006
Keaw ngue sticky rice 0.016
Chiang rai sticky rice <0.006
Manpu jasmine <0.006
Pathumtani jasmine <0.006
jasmine <0.006
Contaminated rice no 1 0.270
Contaminated rice no 2 0.037
Contaminated rice no 3 0.305
Contaminated rice no 4 0.361
Contaminated rice no 5 0.579
Contaminated rice no 6 0.343
Contaminated rice no 7 0.195
Contaminated rice no 8 0.129
Contaminated rice no 9 0.152
Contaminated rice no 10 0.007
Contaminated rice no 11 0.085

Weekly intake of cadmium from contaminated rice has been estimated. Only those from contaminated
area are found higher than the provisional tolerable weekly intake while those collected from all over the
country are considered safe for daily consumption. Results presented in Figure 1 demonstrated the fact
that rice collected from 6 contaminated sites are not suitable for consumption. Thus remediation is needed
for farmers that grown rice for their living in these area.
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Figure 1. Estimated weekly intake of cadmium form contaminated rice

Conclusion

Neutron activation analysis carried out at TINT proof to be suitable for determination of elemental
level in Thai food. The technique is sensitive for both minor and trace level for nutrient and mineral
content in food. The result is valuable for nutritional and toxic assessment of food. The study can be
applied for elemental determination of another edible items that Thai people consume as well as food in
the Asia Pacific region.
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Recent Analytical Studies by Using INAA/PGAA/DNAA in KAERI

Jong-Hwa Moon

Korea Atomic Energy Research Institute, 150-1 Duckjin-Dong, Yuseong, Daejeon, Korea ( jhmoonl @kaeri.re.kr)

Abstract

This presentation aimed at introducing recent analytical activities of instruments and application studies by
using INAA/PGAA/DNAA in KAERI, Korea. The first topic is the studies related to INAA in terms of
implementation of Compton suppression system (CSS) and homogeneity test for contaminated soil samples
as a candidate reference material. As a major result of CSS implementation, 60% of background reduction
can be achieved by the measurement of NIST SRM 2711-Montana Soil. One way ANOVA test was
performed to determine homogeneity between within-bottle and between bottle samples. Five elements such
as Na, As, Fe, Co and Th which have big signal to noise ratio, were selected for the homogeneity test. Except
for Fe, the other elements have no significance in 95% of confidence level. The second topic is the
application studies by using DNAA. A variety of environmental samples such as sediment, incinerator ash,
coal fly ash, sewage sludge and air particulates, have been collected during the past years. DNAA was
applied to determine U contents in those environmental samples. Conclusively, it is demonstrated that U
contents of ppm level can be determined effectively by DNAA. The third topic is thermal neutron PGAA.
Main activities of PGAA were the implementation of k-PGAA. Nuclear data like partial gamma-ray cross
section and k0,H were measured by using PGAA in HANARO. As results of the comparison with literature
values, they are agreed well within 2% of relative error. As a final topic, the future plan in which NAA group
in KAERI is promoting to build the facilities with respect to Cold neutron PGAA, NDP and PGI was briefly

introduced.
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Ak 21 R KR EZRETE MR
R S E 2 AT 2 35 1 5 internal single comparator 3% O "] GEE

PE BN ¥ B B JE BT 5 AR AT JE 50 MY
=W B

1. iXC®iC

U TR OMELTHAVTEEEO S WRGIEEYE LR T L bICH
BUTIEEYE R RICIADDIEEZITo TWVWET, EEYEOEHEELZED L -DICHE
BOBHNPOFREORRLIGNEZAVWTEESIAERINL., BoONTZERME» LR
ERREHINET, ZZTHAVWLNLHEE LT, RMERREESHIECIZ T
BEAE S TE b EERMEEZH > TOET, PHETBRIESTIE, B2 FEME T M%7 kgt
BT LT ICP HESOHTIER ICP BN SITIEICREBESIND2BERTIEL TR LY | WK
TOBEPRDY XA, BRILLBZWZ EX, L=V LI T s OBEORINLIIEFICE
T2V T, WEOSWETIIHAZ, RERERICERIEEIZ N L —V TV RIEERE A
Wl LTH, BB I BER, HRICERT 52 RENSIFHETE RNV LiX
AONTY, ZTORIEBEFEFHIESHTTIEI I L =TI T ¢ OFEHEBRGM SN D Z
ERLSERBMPARERTT, BV T, FEMEFETF RO ETI L - ET T ¢
DHERDBEZRONETHDLERET,

M F AL D ATIE D EBIEICIIER O FIERH Y £, T72b b, Maxik, hikik[1-2].
single comparator ¥% (k-comparator %[3]. ko-standardization ¥:[4]) T, Tk x IXFEmEEE F M
THREMEDTEOERBMBEOREHMI M EIEr-0C, NEREZHALEZBRERECK
VEHRXREZERELTWET, ERICHNERFARERIEZEDRAE., BoMEET Iy
7 ARDug/lg VRNVDOBEBETLRERSTITIGHA L, MBI ERIELIZE AR TE AR E
BDHZ LTI LE LS, 6l ZORIEDOHF T, R4 (B AT 57258 R4 JRR-3)
DB A T NVPRRBR S THLHMNEES TV ONEETLE (Au) OBEME LZEER

("*Aucps/ng) & BRIITLHE (As) OWBEMIE L8R (CAscps/pg) MIEF—ETH D
TEBONPDFE LT, TOHKRBENEENL, NWIZEHITLHE % single comparator & L TiE M
TOZENHARERDOTIERVWNLEZ, AuENIEEL LT ASZ2ERTHAH/ICOVTH
FLELE, ’

2. EB

WIEEL L THWESBERIZT e 2 X VBEMES (MERTRME, 99.99%) 1.03515g
ZEKTHEBE, N 7oL VP TI%EBICEY 100g A RLUTHBLELE, O
RIEYEHRIE NIST SRM 83d HE O (As,03) 1.22g &7 =T K THM L. 6%HilE T pH
4IZFRE L7k, HO TH 920 g L LE L7, AR LAZOEEBKROBREITEETHEE
ETHRBLELLZ, WERZEERS L TORRELEBOICEL IS LBIEERK 2
WMLELE, AR LAEEBREERKREZR) 7oL rf8(e ) oDtk y, PHO8ELE
ADNANTEC No.5C A% (2 cmX2cm) (2 F L CHEBIEREREB Z#ER LE Lz, W TFEIX
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HTH#BOVI VCOEEZRFETHEL, TOENORDE LK,

MBS IL. 2008 4E 12 H 8 A, 2008 4E 12 A 15 H, 2009 £ 6 A 25 B ® 3 EIJRF 7
RS JRR-3 KEE PN-1 C20 0 M FHETFRE 2TV E L, S B OB % . ORTEC
GMX-30190 Ge 3 A H 28 (FE 6 HI %0 2R 30%. *°Co 1332 keV D - {E1E 1.9 keV) & SEIKO
MCA7700 % AT, "°As; 559 keV K O PAu; 411 keV D y B EBIE LU E L, FHEREEZEK
PO RN S ETEDETRBEEDS D, As KO "PAuZE Y —7 OBEMN 6 TH
T LB X ICRIERMAERES LE L,

3. BREEE
3.1. As. AuDET —4#
T T As & AuDET— X EBLUTOR1IZRLE9[4,7,8],

Table 1 Nuclear properties of target nuclides and induced radionuclides

Natural isotopic ~ Induced

: * K% :
Target nuclide abundance, %  radionuclide 0 Qo Half life
SAs 100 A 3.86 13.6 1.09379 d
197 Au 100 198 An 98.7 15.7 2.6951d

*: The cross-section of 2200 ms™ (n, y) reaction.

**: Resonance integral to 2200 ms” cross-section ratio.
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(3) FWH TV,

T, PBAuE A T EL R EEyBRERB LRV ED, As OTAORNZEEL LT
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3.2, WIE#EDZH R

AT E CHEELZ R T2 LR T L ICER T HETRAEOMIER y SREIED
MORLEZAM ESHHZEDNTEET,

112 " Au DA B (eps/pg) KXt 2 BH X v P LV ADOMEBEOREZ R LET, Au
DEREE (cps/pg) XML DREOMNTAFHEFT T v 7 AOBNERBRLTWET, K
ERBIZGE > THMF T T v 7 2R LTS ERR R b ET, Z 0FITiE 32 3 EHS
BT 5 ®Au (cps/pg) DAAXHEHE(FZ (RSD: Relative Standard Deviation) i 4% %~ L %
Lz, BEROTZI v I AE=F —TCHET T T v 7 ZADBEVWEMETS2HERENERE
WETH, NEERENT S L CREMED A TIORERETEET, KR K10
BT As DEEN BRI T LT, °As (cps/pg) @ RSD (n=32) b '®Au (cps/ng) & Rk 4%
TL7EMN, NiE#EL LT "8Au (cps/pg) ZAWV D Z & T RSD X 0.62% IZ KIBIZHE S 1L
L7,
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12 L BRI TAs 559 keV 3HE0ER (cps) %4 lug %720 @ PAu 411keV 3K
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Specific intensity ratio = ("°As cps/ug)/(l”Au cps/ug)
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y BB EEENENRLET,

EER DR T koau(a) TR EN D EER kp-factor [TEBRHIC PAu 411 keV ITF T 2 FHELE
EDHBTRODLNET,

M
Wt SDC" [+ O (@) o Epa

X
(im) f + QO,a (a) gp,a
wt, SDC"™

k 0,Au —

= OR & EFE O specific intensity ratio & #8935 & | specific intensity ratio |3 EH 92 7
THE. BEEE,. HET D Ge #%ﬁi*ﬁﬂj%ﬁ%%‘ﬂi?é & Thoan ZRODHADE2IHLE
HIEOHERARLERREIC R 72 RICH Y LET, F 72 specific intensity ratio i [F]
SHECHIE, KEHEZR Ge ﬂﬁi%fﬁfﬁﬁﬁﬁ@}ﬁ@&ﬂi HEF AT NAVORIEZITORV f§
SN ORBRMRMEEEZDZENTEET, BRRAORMETIEH Y £, FHELSFHEO
BENDELET S L ky-standardization 35 TIE sum 2 RAH E % & e EER Ge V- E Rt &
DENBEEIE . ko-factor, B SN D fHEHSEORENINOENDZ LITTEET A, UTIZ
De Corte & 23EEAM L 7= ko-standardization V5 D RHEN X &2 x L ET[9, 10], &2 & L THEHER
MM ET ISNRELABELONTVET, FEREN S 3.5%0 L -JLITERDITIE & b
BLTHASWETEDY £ A,

24 ky-standardizationih O A FEDZFEAT D

Parameter Contribution

kg ~1%

Qo ~1%
o ~15%

f ~1%
s-measurement and conversion ~2%
true-coincidence correction ~1.5%
Overall ~35%
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Session 11 — Subject 11: Applications of Nuclear & Radiochemical Techniques in Life Science; Nano
Science; Environmental Science; Geo- and Cosmo Sciences, Archaeology; etc.
Chairs: G. Geipel, C. Walther

11-TS11-1 Zhiyong Zhang (invited): Nuclear Analytical Techniques for Nanotoxicology Studies

11-S11-2  Joao Arruda-Neto: Probing Bio-Nanostructures (DNA) with Ionizing Radiation:
Perspectives for Improving Cancer Radiotherapy

11-S11-3  Clemens Walther: The Role of Polymerization and (Pseudo) Colloid Formation for
Understanding the Behavior of An Ions in Aqueous Solution

11-S11-4  Wolfgang Kretschmer: Application of Accelerator Mass Spectrometry to Archaeology,
Geography and Environmental Science

11-S11-5  Hirotaka Oda: Radiocarbon Age of Miidera-Gire Attributed to Enchin and the Historical Age
in which an Ancient Manuscript of Monzen Was Written

11-811-6  Yuichi Kurihara: Radioactive Equilibria and Disequilibria of U-Series Nuclides in the
Products from Izu Arc Volcanoes, Japan

11-S11-7  Toshiyuki Fujii: Nuclear Field Shift Effect in Isotope Fractionation of Palladium Using a
Crown Ether

11-TS11-8 Peter Englert (invited): Orbital Planetary Gamma Ray Spectroscopy: From Concept to Success

11-TS11-9 Gerhard Geipel (invited): Interaction of Uranium(VI) Towards Glutathione — An Example to
Study Different Functional Groups in One Molecule

11-8S11-10 Katrin Viehweger: Glutathione — A Key Factor of Uranium Tolerance in Plant Cells

11-S11-11  Dorothea Schumann: Separation of “Fe Samples from an Irradiated Beam Dump for
Nuclear Astrophysics Experiments

Session 16 — Plenary (invited)
Chair: A. Chatt, Y. Maeda

16-PS9 Tomoko Nakanishi: Application of Radioisotope Measurement for Plant Study — From
Activation Analysis to Radioisotope Imaging Subject 9

Session 18 — Subject 9: Nuclear Analytical Techniques: Neutrons; Ions; X-Ray; Synchrotron
Radiation, etc.
Chair: R. Lindstrom, T.M. Nakanishi

18-TS9-1  Richard Firestone (invited): Comparison of IUPAC kO Values and Neutron Cross Sections to
Determine a Self Consistent Set'of Data for Neutron Activation Analysis

18-S9-2 Vladimir Kolotov: Development of Nuclear Image Methods of Analysis Based on Gamma
Activation

18-S9-3 Zhifang Chai: Metallomics Study — A Nuclear Approach

18-S9-4 Yuchi Hatsukawa: Isotope Production for Medical Usage Using Fast Neutron Reactions

18-S9-5 Masumi Oshima: Application of Triple Gamma Coincidence in Prompt Gamma-Ray Analysis
and Neutron Activation Analysis



18-S9-6

Daniel Cummings: Application of Gas Pressurized Extraction Chromatography (GPEC) to the
Analytical Laboratory

Session 21 — Subject 9: Nuclear Analytical Techniques: Neutrons; Ions; X-Ray; Synchrotron
Radiation, etc.

21-TS9-1
21-89-2
21-89-3
21-59-4
21-S9-5

21-89-6

APSORC ’09

Chairs: Y. Hatsukawa, V. Kolotov

Amares Chatt (invited) : Preconcentration of Copper by Cloud Point Extraction with
1-(2-Pyridylazo)-2-Naphthol and Determination by Neutron Activation

Hee Dong Choi : New Features of HYPERGRAM for HPGe Gamma-Ray Spectrum Analysis
Richard Lindstrom: Uncertainty of Gamma-Ray Peak Integration

Mohammad Islam: Non-Destructive Analysis of Bulky Meteorites by Neutron-Induced
Prompt Gamma-Ray Analysis

Jong-Myoung: Lim Comparative Study for Airborne Toxic Metal Determination by INAA
and CCT-ICP-MS

P. K. Pujari: Large Sample NAA by k0-Based Internal Mono Standard Method Using In-Situ
Detection Efficiency

Poster Sessions

Subject Area 11 - Applications of nuclear & radiochemical techniques in Life Science; Nano Science;

PO-2-11-1
PO-2-11-2

PO-2-11-3

PO-2-11-4

PO-2-11-5

PO-2-11-6

PO-2-11-7

PO-2-11-8

PO-2-11-9

PO-2-11-10

PO-2-11-11
PO-2-11-12

PO-2-11-13

PO-2-11-14
PO-2-11-15

PO-2-11-16

PO-2-11-17

Environmental Science; Geo-and Cosmo sciences, Archaeology; etc.
Pisutti Dararutana: A XANES Study on Ancient Thai Glass
Maria do Carmo Freitas: Air Pollution in chemical Elements, Determinied by INAA, and
Childhood Leukaemia in Portugal
Maria do Carmo Freitas: Analysis of Air Particulate Matter in Teflon and Quartz Filters by
Short-Irradiation, Epithermal-Neutron Activation with Compton Suppression
Maria do Carmo Freitas: Characterisation of Biomonitors Used in Metal Air Pollution Studies:
Capacity, pK-Values and Metal-Exchange Behaviour of Parmelia sulcata
Maria do Carmo Freitas: Characterisation of Soils, Plants, and Water Samples Collected at
Sao Domingos Mine, Portugal
Mitsuru Ebihara: Application of NAA to the Trace Elemental Determiniation for Nail Samples
from Residents of Tokyo, Japan
Mitsuru Ebihara: Determination of ultra-trace rare earth elements in ureilite meteorites by
radiochemical neutron activation analysis with an emphasis of the correction for the
contribution caused by neutron-induced fission of uranium
Mitsuru Ebihara: Cosmogenic Sc-45 in Gibeon Iron Meterorite by Radioanalytical Neutron
Activation Analysis
Toshiyuki Fujii: Mass-Dependent and Mas-Independent Isotop Fractionations of Lead in
Chemcial Exchange Reaction Using a Crown Ether
Satoshi Fukutani: Study on Antimony Pollution Form in Soil Around Smelter by means of
INAA
Etsuko Furuta: Heavy metal elements in toiletries analyzed by INAA and ICP-MS
Xiao He: Deposition in Lung and Translocation to Secondary Target Organs
AfterIntratracheal Instillation of Nano-Ceria
Inaya Lima: Investigation of minerals distributions in bone of tibolone therapy by Synchrotron
X-Ray Fluorescence Microscopy
Inaya Lima: The Zinc Distribution in Bone
Mutsuo Inoue: Vertical Distributions of 228Ra and 226Ra in the Japan Basin; Implications for
Water Circulation and Residence Time
Satish Kayasth: Separation Science and Instrumental Approaches in Radioanalytical
Chemistry
Yoko Kokubu: Application of continuous heating method by thermal ionization mass

spectrometry for measurement of isotope ratios of plutonium and uranium in trace amount of
MOX sample

- 58 —



P0O-2-11-18 Myung-Ho Lee: Isotope Correlations for Alpha Specific Activity and Isotopic Composotion of
Plutonium in High Burn-Up Pressureized Water Reactor Samples

PO-2-11-19 Jong-Myoung Lim: Elemental Analysis of Fly and Bottom Ashes from a Coal Power Plant by
Neutron Activation Analysis

PO-2-11-20 Yukihiro Murakami: Measurements of detection limits for trace elements by multiple prompt
gamma-ray analysis

PO-2-11-21 Kevin Norbash: Reprocessing of Research Reactor Nuclear Fuel Based on Pyrochemical
Separations Technique

PO-2-11-22 Shin-ichi Sawada: Water diffusion in fluoropolymer-based fuel-cell electrolyte membranes
investigated by radioactivated-tracer permeation technique

PO-2-11-23 Keisuke Sueki: Synthesis of water-soluble encapsulated-radioisotope fullerenes

PO-2-11-24 Shinji Sugihara: The Extraction of Past Environmental Information Using '“’Cs and Some
elements in Terrestrial Carbonate Deposits

PO-2-11-25 Gwang-Min Sun: Development of Classification Technology for the Characterization of Raw
Materials at Production Kilns in Baekje Period

PO-2-11-26 Naruto Takahashi: Preparation of Labeled Prophyrin Compounds for PET and Gamma CT

PO-2-11-27 Junpei Tomita: Ra isotopes in Na-Cl type groundwaters from deep wells in the coastal areas of
Himi City, Toyama Prefecture, Japan

PO-2-11-28 Tong-Zai Yang: Structural Change of Multiwalled Carbon Nanotubes Through X-Ray
Irradiation

PO-2-11-29 Hiroya Yokoyama: Meteorological Factors Producing Variation of Tritium Concentrations
Measured in Fukuoka, Japan

PO-2-11-30 Hong Zhang: Cyclic Neutron Activation Analysis of Fluorine in Commericial Tea at
Shenzhen, China

PO-2-11-31 Zhiyong Zhang: Radiotracer Technique: A Useful Tool for Studies of the Environmental
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Chairman: K. Toyoda (Hokkaido University)
“Determination of trace lanthanoids in rocks and meteorites by radiochemical neutron
activation analysis”
afa - BahoMEs LETEORSLENFHEFRIEIITICL B ER]
H. Aihara (Tokyo Metropolitan University)
“A study on evaluation of atmospheric environment from an aspect of particulate matter
in snow cover”
FEXKF ORI FIRWE 2 W KKIRE L HIC B9 2158
OM. Fujii, K. Shozugawa and M. Matsuo (The University of Tokyo)
“Where is Micrometeorites in ice scraps resulted during Dome Fuji ice core?”
['R—A Fuji UIHPDKF OFHEBIZEZITH DD
OA. Miura, T. Fukuoka (Rissho University)

Chairman: M. Matsuo (The University of Tokyo)
“Study on environmental fate of antimony in PET plastic bottles in Sapporo”
MFLIRTIC BT % PET R MVBIIEFICE ENE 7 > F £ OREHE)
OH. Kawamura and K. Toyoda (Hokkaido University)
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“INAA of alkaline volcanic grains at Baitoushan and Ulleung-island volcanos and from
sediment cores in Southeast Japan Sea”
TEEIINIE B LUENSERL Y IIVAVEET 75 OMETRHEST & HABEEHE O
THOBEERT V7 7 EOHEK]
OA. Umezu and K. Toyoda (Hokkaido University)
“Trace element analyses of howardites and polymict eucrites using NAA methods.”
Wee Boon Siong (Tokyo Metropolitan University)
“Source apportionment of airborne PM10 at a small industrial area using INAA and PMF”
Jin-Hong Lee (Chungnam National University)

Chairman: T. Fukuoka (Rissho University)
“The current state of research reactor in JAEA”
[JAEA WFEFE O
J. Motohashi JAEA)
“Future plan of utilization sharing of JRR-3 facility”
[44% @ JRR-3 fak 3L e Dl &)
H. Matsue (JAEA)
“Cooperation of Neutron Training Course between JSNS and Industrial Users Society for
Neutron Application”
(k7 REEEO R ETEENREER ZS ST EFRPEREOEBIIDONT]
M. Hayashi (Ibaraki Prefectural Government)
“Present status of Kyoto University Reactor and so on”
KUR O & F DAt ]
S. Sekimoto (KURRI)

Chairman: M. Fukushima (Ishinomaki Senshu University)
“NAA activities and Thai food”
L. Sirinart (Thailand Institute of Nuclear Technology)

“Recent Analytical Studies by using INAA/PGAA/DNAA in KAERI.” _
J. H. Moon (KAERI)

Chairman: Y. Kikawada (Sophia University)
“Instrumental neutron activation analysis of hair ~A means of biological monitoring of
environment, disease and nutrition—"
[B2OLITERHHILOT ~EYFHNEZS Y > 7]
S. Omori (Otsuma University)

“The potential of internal single comparator method in neutron activation analysis”
MR E T 12 BT % Internal single comparator 2% O "] EEMH: |
T. Miura (AIST)

Closing
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et A RBBE DI T 2B LT, ZOBRMETIXETEMILED Zn, In, Cd ZRHEICHK
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135. [8] Jarosewich et al. (1987) Smithson. Contrib. Earth Sci. 27, 12.
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MEBITLRHRICE D < AR Dhofar 1428 EFMIMO YW EEN DEL
EERFRERERE T AR B &5

HEU®ic] ABEBOHBIEIARESLSSUT. ‘&# & ‘W oOo“EEIHSITSNS, 20D
H CEH 13K 45 BEMICABROBOR I - v oML TELREREOHBRH I TH S
EEZENTWVAED, ‘B’ OFBHIABRERD S OVHIELBEOFNND 2825 DICEE
REBTHS., LL., AXRBOWEIX. KREFHICL5NREOYEELSETLTAS S, B
KELETICRLADODAREOYERELZRRLTBD, ZNS5OREBOMKIIABKREZDObD, A
5 OWHELBEEREEZEERMLZSDONERAELTLE> TSI ERDN>TNSD,

ZOEO9BAEBIIBIANREOYEEAOEREREL T, BODHRIZLSZTEDREALS
EOMWIROBINRTENS, HBIROE(IZ, TLXATETCWEONBOOERICIDALCUERTE
RPRBEMAEEITHOT, ZOLEELEOHLSECEAMENS DILEDORADRKFICE Z 5729,
BRELTEATOMBEERNEDIIEILLTLED., 512, TRORBARIE, EELOXD2E
AYENSEEDZSINGBO L, JIOME (‘W OXREST KREEPE) NORAHERIZL-
TRKEL=HEITEDDHDNDH 5,

BEICEDTEDRARSBHAOEHMENED TN TTRETHIHBSBETLRIIBNT, £
‘Y5°  KREEP BN 5 DEARZTIIINOBRMEDOBRNWTLRBETH5H TELREIIBNTEN
FNEENFEZEICHAONS, JHE. TAD ‘B OFEAHFTEINSOREOTEENEEI
Bned, PEORBAICE S THTRBEDITIEALEEZNEMIIZEEINTLEDI NS THD, L
L. ZOZERANARMOMBROEHME T EAEZTODTEFERS I EEZERTZED. dBFDINn
SOMBTLEMOTEMRZFARNSL LT, HAxORBREDOL I BYBEELERZDDRON,
DNWTOEREED ZENTES,

SEHAWERBTH S HBE Dhofar 1428 13, INETORMBROBERENSHD & 3
BONEDO—D, VAU ZAABETHDHEZEZONTNVS, ZOLIY AAEEEE. ARBOEA
MANIFEIERBAEOERZZTTHMAR (LI R) KETHBRINZDONHEREHEL T—D
DHEGERSEDBDTHS, ZNHLTY AFBAEOEHERICL > THLEEEIN TS =D, A&
Bk km WATEIFEH SR THEEL TVWS EEXNTED., TNRICZOEEGRTHS L T
U ZAEEET., EANTH-O EEFAOK km WO EEMN MK ERT, ERBRTIENTES, X
7. LI ZBIZRBUNEE ERIEN S EEE T ~ BE ym OFEITNIRBEANEEICS HR
LTBD., LIdUZARBIZINSMINBEOHROEEEZREZTTNEEEZLNSZD, LIY
Zfa RS T3 % Dhofar 1428 OHESHKITHEMRIZ. HICRKE LU ZM/NBGE OHEKRORBEL TES
ABHIEMTE S,

IN5DZEMS, AMETIZA ‘EH’ BA Dhofar 1428 OFEB L OMEITTREMRITMA .
FHETEMR. ASBELEARZREET S LT, ZOBANEELZHEER km WAEDOHERBET
OYWBEEILDESVWEREHLZEZEMNELTWSD, X7z, Dhofar 1428 O HSKEITHEMRN 5.
AEBICREKT HHBNEAICETAAAER/LZLBEANEL TS,

(Bl EEBR]  HBHT 2006 FlcAv— OWEMEB TRREINZ, 28 213 g OF ‘&’
[B7 Dhofar 1428 O—#T. ZOLBELEHBRAITZEIT > 7z,

FE, BIXUOBMBITEMRZ THETHRIMEETRD, I5IC, B2ETHE, FtEETEO-D
OMEBITERMR Z AMAEFRBES T 9 AYHESTEICK > TRD 7,

FhEEbic, EERMETEME. ETHRIA 2707 F IO D2 AW THEYHBOBR M
FROWER BT Iz
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R EER] 2EDFHRICBW T, Dhofar 1428 OFETLHEHMMIT Al ® Ca OEENEL.,
Fe ® Mg OEENMEVWAD ‘B ICHRBEIBHERKRERLE. OB ‘S [BEOEEHER
EBXRS =T B I EM5, Dhofar 1428 N—M72 A ‘S’ OBEEATHS I EERTE,
Fz, ZDO0HLZOlF EZRAWTE2ELERARZEZZTNZTNRD D, TNESOZDDENEFEICE
—HLlEZEnE, ZOBAOHERIIMD THE-THD Z ENbho i,

‘EH . ‘M8’ . KREEP OAXRBO=D0OREZEWZAEAEOF LELEMERIIBNTIE. &
' o ‘¥ ® KREEP EHARTET~HEBBENMENW EBRASNTNVS, TORD., ‘&
T OEAFIC ‘W X KREEP OFGHMNEETS LA IETRBENRBICEILLT 5,
Dhofar 1428 O#F HHLFEMEIL. C1 22 RS54 hOFLECERGEEE THIELT S &, BF T
TCHENSERH TR NTTOPAEFND T, Eu KEEORBEZ KL, COBMIIA ‘s o
ERDTHAHREOOHFLELENY - ERBODBDOTH DN, TOREIZTOMOA ‘&
LaOU ZABE EFRICHBRHMEELDBCPREL<A>TWVWEZ &N, ‘B 2L KREEP
R DBEADEENS D Z ENbhoTz, /7. INODOTESWORERIZ. Dhofar 1428 DOEAHM
FAREARTZ2%<EH. KREEP AOBH 250 EVWSHMBIROBEELEALZ, I5IT,
KREEP AldHDEMTOAHERINT VWL EARTH S I &N 5, Dhofar 1428 13 KREEP #1E
I ZERE L TWSRREENEVnEEZ 5N 5,

Dhofar 1428 o BHeEITRMAKIE. CI 2RI RMEGODOK 1/100 OBET,. C1 I RI51 K
DHSHRTHEFEETHEI TS L, LRHORRNDIZNT Ty Me/)XY— &KLz, TOI &
N5, TROFHIMERZIZEAEZTTWRWYE, $4bba2 510 NBATINV—TOEROE
HENBRNWEEZOND, £, BAEFOHYEIER XD, Dhofar 1428 HIZIZE&BEHE N DIV &M
DR oTe, THOIEMS, Dhofar 1428 EFEHIK TIL. @B OSHEENE L. LMD % 2T
TWLEKBACARB AR EDBA I —TOBERNEZ - JiEEIIRNWEEZ NS, AREICHE
FELtORXLBRRZURTHDE, J2RIAFNOFTH CK 2RI M CM T2 RI1 k&R
NBTN—TERBNW—EERT I ENS, Dhofar 1428 EFEMHIE T, TNSORFEBEIC RS A b
TN—TDEGOERND - A EENEVWEBE I LGNS, INSORFEICRIA N7 I—T1F
SEKZHEENDRNED., EWEROBREBFELRN,

IR ETHRAINTVWAHNEADZ <. TOMBEPHEN CM 2 RI1 MEMOTRERSIBIT
WBZENHENTWS, ZD/=H Dhofar 1428 OHEESHEITEMENS CM a2 RS54 Mk~
SMAERT IS, AXRBICHERTSHM/NEAGD CM I RS MRODDONXENTH B Z &%
AL TS EEZ LGNS, KIGRNTOMBENIEFEITENZ &5 HERE A IZFEKORBRAEHZEE 2T
TVWBEEHNTED, FTOZEHAMERREELISEBET S,

U7/ U. Dhofar 1428 OH&BEILHEMAKRN CK 22 R0 M UUEEBEHEZRLZZE1E. CK
A2RIARN CM I RIA MNEREBRIEAFHREER S TWD I ENS, M/NBGDERE
JTIEREHHANTE RN, X7z, Dhofar 1428 [BAEF OLYBIRTH., EEIT 5 XA CRE M &
D, HBHRKEBBAOERDOBRIESNIHHENRE SN2 &M 5, Dhofar 1428 OHEKITEHM
FRISH/NBEE DFEEICMA T CK 32 R4 MRZOMOBADEROLEND - Al fEENnE 25
ns,

UEbonZ &, Dhofar 1428 13H  “&it’ BHOYESMLRFES LOMETHEMREHF LET
FGEEE2HH,. KREEP ADEAZZIT TSI E, CM LI CK a2 RI1 Mel=ALk
TLHRMRZR > TWB I ENbholk, ZN5M 5, Dhofar 1428 #EiEiigid. KREEP 1 i ff
O G ThHD., BEEETKH 2% ® KREEP H#OEAE. ¥ 1% 02 RS54 MEDEA
22T TWHBIENRBINE, £, ZOAVRIA MIEDOEZIEIM/NEATHZIEEZLHNDS
ZENS, ARBIZERT HHMUNEGED CM I R4 MIROBDONEZENTH S Z EDNRI Nz,



IR FRIRB~ OB % & LT SRR < B HT i 0 SRR A

EMRFREREGE TR B

X C@iz] By <858t (PGA) XM T, ®E R, ZuRERIEIESITIET
b5, TR, ZLOHBTHHASATWS. L, FHMERL2AFECE & T§E
RIEHEDIFEALNE, %A —F —THREFIZHFEL TWDEEILRT, METRITDT M
Thd. LEOMRBEY o ~<BR—DODTENLHRHEND 20, ZRENFLETHRET
IH o~ BRART DADFEFICEMZ Y, METTENS OMFET it EETE.
5O = RIZEE S, PHEFHENREIIER ICREWRETLR ML, LA
ERIETERNWZ LMLV, BIHRADOUED BT PGA IZHET ~ R iiiEZIcH LTz
ZEENFE T < BRHT MPGA) BERUTE R I, T D7D DIERED JRR-3 ICFHE S v7-[1].

MPGA Cith Ar— REIRY o ~BORBEHEIC LD, AT MO R X —fFREN A
L, arFrroEELCERTE Ay 7 ST U REH BB T 5. Lo T, MPGA TIiXH
VI BROEENEDT BT OMERD PGA TRIE RN ME TR OE R E BEOMEM L
DEfF SN D, ARFETIE, FHHMEFAREE MPGA TERICERT D7D HHM,
S/NH, REEER CICOVWTRMNEIT- 2.

(8] WIS & 7 o~ BRBIEIL B AR AR e s (JAEA) @ JRR-3M ik
Fr—bT A NTHRE SN STELLA TfTo 72, STELLA 1X, 4 DD Ge YEEMRE T 1> O
REND 7 a—_—7 Ge 22 8 B L B A AF <=1 ALY (BGO) L v FL—&
THER S NIRRT AT LA THD. FEP 7 4 L AIZE A LT3 2 ZE b RFBEFRHKT T,
BREE 1.4X 107 n/cm®/sec, B =AY A XN 2 X 3 em® DIRHFMHETE—ATHE LB,
T~ BERE L. T HAEROREREMEZMET 5 72D R Tid4E
% U 72\ 13Ba EHERRIR 4 IS BRE & RIRFIZHNE L7z, BIET —ZidA N b T LTS
, HEKTH, sorting EFFIEND T —FWB AL, “RILAXT M %R,

[#ER] A aEERE JB-1 (206 mg) OBPEEITVY, 3 DOE— N T sorting LT, £
FIZIRITLALY "IVEAERL L, Fe, Ti, Si OE—27 ® S/N It (=&"— 7 ERFHEE/ /N >
77T FEE) #HE L7z, STBICBWTCT Ry 72— RETvrFaf s vy
ZE— RTO S/N HiF/ —<LE—RLYV K 2 ER1ro7z. 7 Ry 7 E— N3 —
I ERECARREMNH DT80, KFETIL, TorFa v AE— FNIZLD sorting
BITH L & L7, JB-1 (206 mg) % 30 BRfAD T 2 BRI HRIE & 5 BTV, FHEER
OEHMEEZRET L2, R A HIE L2 EBERIE,  Feld£ 6%T, Silx* 2%T, Ti i
+ UNT—E L. BRI EZNRECHET 2 72DIC@E R &2 i L. JB-1 £
721% JB-1a OFRBIHEIZXTT B Fe, Ti, Si DE—27 D S/N b & R RARMEDFHEENE
b 11K LT, S/N ERITeEHEREIN & FIc N4 528, 50mg &k z 5 & Z{bidiEen
T, 150mg ZHZ B LiFE—E L Aoz, FHCELEBEOEME L bICRELS DD, &
R G BT B 7= ORBIHRICHEI L e o T2, 070 RBHEZL 200mg YL EICLTYH,
BIESME ETRIAIZ VWS EZOND 2 LD, SFricitT 2B BICHIBRS 2 WEE,



150 mg~200 mg F2E DOREI B EIEIZHE L 100 , ; 1.5
TV D L HIlE L7z, == S

JB-1 (206 mg) % HLBAZHERELIE LT,
JS0-2 (330 mg), Allende FEA (233 mg), 10 R g o
Gold Basin FRA (153 mg) W&KFTHEE 2 | by
FUBIEL AEBECERLE. TR0 //H los3
REOVTNHTHEE TICE— 2 O (ﬁj””f“\\*
MTELTREEREL & BICRTITRLE. D_':'___.3-_-_-:::::::::::X-‘-‘-‘-‘-‘-‘-‘-‘S
EERFOM, BERTETHPETHEL 0> 0 0 T m0 250
JGETEAEAS K& VN Cd, Sm, Gd ZHHTE 7=, JB-1, JB-1ait¥4 & (mg)
LinL, B3RO PGA TEBTERWITHEITE B1 HEEICHT S S/N L MEDNEE

PR C& TV, Allende FBA D ELETE A
RAWTERMEIT K ZBRE, T20%2ANTXHEEE —B L7z, K o3 hiL, EWEHEERIZL S
LEAOBND. EDT®H, BMEDBREIV. PEERE, WTINORBTLIMESE L<—
L, nREOELOXY, HEELD /I otz

AWFFETIL, MPGA ¥ % FHHIERL FRORBIO HTICHE 3 5 729012, MPGA 2E& OPERE
REL DY) 2 ESRME 2T T2, 150~200mg DRBIEBZHANWT, TrFaf s/ o FrRE
— FIZ&L D sorting TLRILANRY MaH{DH T ETRBERSIBFAETH D Z LMD
Mol Fle, KEBRRKICX, FELROEENTELOARATH1N, HEEZTILT —
ZNE AT LARYR I, LV EHEEE CRERMALE VM FICEHETHZ N
AlREL R olz. A%, BEFIRRRMETENEZ D LB/ N5.

R1 HERICLIBE-HRHNBOERIHE

energy Allende Js02 Goki Basin JB-1

unit {keV-keV) 233 (mg) 19625 (sec) [314] 330{mg) 20084 (sec) 5] 153 (mg) 18706 (sec) [6] 121

Na % 781 - 91 0.361 = 0.091 0329 151+t 020 0.76 04+ 007 0.582 205
Ng % 2828 - 585 153+ 07 149 0.68 + 0.28 1 961+ 047 133 465
Si % 3530 - 4934 1593 + 0.49 1598 20421+ 0.711 1975 175+ 05 175 24 48
Cl  ppm 517 - 1951 14815 320 253+ 10 110 171t 6 140 176
K % 771 - 1159 0.0786 + 0.0321 0.0295 1.460 + 0.100 129 0.093 + 0.037 0.079 1.19
Ca % 2002 - 1943 173+ 0.16 1.86 0511027 0.78 1.16 + 0.16 14 6.61
Ti % 342 - 1382 0.091 + 0.006 0.096 0.680 = 0.010 0.7 0.06 + 0.01 0.08 079
Mn % 271 - 105 0.123 + 0.008 0.145 0.130 £ 0.013 0.136 0.219 + 0.012 0256 0.118
Fe % 1260 - 352 24+ 07 237 7331+ 040 73 23+t 1 23 6.29
Co ppm 159 - 277 662 662 775+ 46 1074 817+ 36 697 382
Cd ppm 651 - 558 n.d. 0.43 101 101 n.d. n.d. 011
Sm ppm 439 - 334 nd. 0302 5081028 453 0.281 = 0.089 0.788 513
Gd __ppm 944 - 80 n.d. 0.39 nd. 65.42 n.d. n.d. 49

[1] Y. Toh et al(2008), J. Radioanal. Nucl Chem. 276, 217-220.

[2] N. Imai et al (1995), Geochem J. 29, 91-95

[3] G. W. Kallemeyn et al(1981), Geochim. Cosmochim. Acta 45, 1217-1230.
[4] E. Jarosewich et al(1987), Smithson. Contrib. Earth Sci, 27, 1-49.
[56] S. Terashima et al(2001), Geostandard Newslett. 26, 85-94.

[6] #EHZ53C(2009) FAE.
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FRBEEEIOELIRSLCRETREE

1- LDz

S, EA - ENBHRARTE. BATH. B
mARLIZEZ I CHRBBRBEL VbR TN, %
Too ¥ 20 CEBERT S & GORIUIZHRMIE L
BEShTWVWS, BREESBOETYHS, FHAER
EERETARRLALARERR L FRIIBRTED
T TTHREBRENAS (BT AN EERLT
WBADHBIEE > TS, EFIVCOREDL
XIERNF. EESBICBOTERZED, Bi%
b3, 3BH. ¥ I C ORI OWTOMm
BB Tho0, ERIZIRED L 525N
HEDODPEHELLBHBLIEVWEEL, YX¥IVCR
BRTAZLIZLY, KCRETREYEKRIRT
ADNRG U ZAOBRPLRARD L 2R AT, EF
IVCEREEOER I RTINVDOEERNT DL
EHIARBERARRBICAEEERORELERL, &
BEEAYERIXT AL VR L, &R
KRIXIVBERMRLEEIIDODNWIEEZA
WTEREBRSMEATEER T 27,

2 - R Ak
<FE>
KELFRERFEIAE 14 AL, a—X vy
EVAEFILC (14 1000mg) A% 1ET
OB 1 BIZ3EERL, 3y ARER LA
& L, EREBIFRIV S » A HEBREICHE
LA 28 Btk & et el & Lic, HEITER
10 577, 1 #»BTI0ARZBT L O8I0, —XLBIT
T5,FLTC BTN 4B FREIEEVERY,
BHEld Ui,
< R >
ERUEEERE L7 b, BEK (38D, T
+ o OIBICE 26ml T 10 SHBRIRL, BER, &
EHHEEBIC 0.01~0.02¢, BHFEMEEAIC 0.03~
0.04g 2FRL, WMEBEBRESRY = F L RICH
AL, BHEREL LK,
<BEBHERBOVER & EREYE ORE >
WHBEOEERBERO—ERY TN ELEEICH
KU, FD100pul kv 70y PTERL, B
EEOLS E H IR T T %, MBS ESRY xF
VoBinE A LRRERE E L,
LT, BEHESHESL SN TWAEEYH (NBS
@ Orchard Leaves & NIES @ Human Hair) %#H
WT, BRI ZERE OB BT R L,

RELTRFARBERESR KO R

<A >
BEEFFEREEFTO HANARO 12T 1 B LT
20 SR BH 21TV ERFSE% Ge B R 4096
F ¥ VRNVEE SRR AV C S MEE 200 8,
hFEMERE 300 B, BHEMEE 3000 HEHEIE{T-
s

3 -HREER
OwHx® -
BEOLTRBEHEOTIZL D, RS hi-xk
i, 1 9EEsHCT AL Br., Ca, ClL Cr, Cu, L,
Mn. Mg, S. V. &5z 20 HHREA L 30 BM&
#FNZT Ag. Co, Fe. Hg. Rb, Se, Zn D&Er 18

FEThot,
@QEEBRIRXTNAT R

B IV CEIEIROEERIRTINANT VR
AR, IV CERRIROERTRRBRELR ]
WR L, R10OEEIRXTINAAT L AFEEPRT
FRELEEANMELOZZEHERFETRL, BER
EZoRBEMLLTT oy bLELDTHS, 220
FEFRFKHE T, TRXTOTROEERHEN
WIRE ST, X3y CEBRBOEEZRI XS
NANTZ U AFELEBRILLIRAT A ATHoT,
TOZEE, BE I COBRBRINE oI &
BHBHNE, ERBOEETH DO T/HIREN
Hhbnholzl LI XA TRARWVWIREELDL
na, 5ERMNOFETHD, LI L Mn i3ERE
WCEERRED LT\, ZHUIRBOFEREEZN
BELTOHT—) v IRBEELTVWAZEBE
HThHarLEBLLND,

£1 vFIVCERNGOEETEETHRE

[ ElRpI0=14) EBE(=19_ BAXBLEABN=52

GM | GSD | GM | GSD | GM GSD

Ca 270 1.88 1830 207 340 1.8
Gl 101 213 152 294 220 28

Co 021 15 0.7 192 0035 24

Cr 0.96 187 1.28 138 0.63 22

Cu 318 1.61 248 201 15 18

Fe 55.1 1.67 52 218 28 1.8

| 0.41 1.82 0.51 1.6 0.35 24
Mg 137 1.95 138 2 86 2
Mn 0.31 215 0.08 285 0.48 3.3

S 42900 1.1 39700 1.1 43800 11

| _Se 072 | 234 | 071 | 176 | 087 14
In 164 122 158 118 180 1.3
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Y
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[} et

vyl U ,b .
Ca G Co Cr Cu Fe [ Mn Mg S Se .3

-9 - x

1 E43CRIBIEROERBPIRIANTLA

€33 2

ANAAAL T TR T LERWTRERRIZLD
IRFNVEBRRAEABAR2IORL, BRIXIT NV
NI UAER 2R L FERE 100% LT3 L.
BRIZIANT LRI CaDRBHEED 40% %
TEI-TEY, FLAEDTEN 100%IZEL, &
12 Zn 1X 200% % EEbo Tz, £EEIIREN
FUARENRTNWAEREER L > TNBZ EHRDLME,
BRIZDWTHRARENDBEBRIXIANRT ADEN
ADBEnoTz, SHERIRINVEEBRLTREL
BAZENRETHS,

Y9 ANNARAALTTIRTTAILEBAOEER
RXF N
£5 02 Fe Na K Mg In CQu P
g8 5 0 0 165 5 0 006 15
BE 16t 65 A% 13U 50 103 073 708
5% 5 25 M3 603 B 4% 03 M
BEG 26 9 BH N0 AT WM 109 95
BEE 00 65 M8 60 B 7 07 W0
BFR -4 25 37 52 41 T 03 6
HE% 323 185 §93 1304 815 2103 157 1072

Fe

Na

M
2 EESRILINSUAFr—k

@EOERR L EF I C

£3XD. BRIV IOV a—REDFBIE
TERLABHIIHBINIHFOBRNBR L 2o T
W3, ¥FRBA-a— T XV ERA=—a—-TDOHER,
ABMRFIAINIGEORRMBER, ZOZ LT
2N BOEN 10 FiTi2oTn5 Z & HBE%R
THEEZLNS, ZOZENL, ¥FIVCER
BB LICED, & 200 3MEICE
I, BRI T B EDELELLNS,

£3 BE»ILOSGORN

 KeER BE o
B3  ORaLE ALR EALE ALK g ot
I I
BREE
¢4 S S 1 R | S
- Ha-ag N (NI T S BT
F-AIMTA-E @ 0w W 1
it Wow o o-ow - W W@
Erca-17Aa0ERSEm W 8% - M - 0 M
AR .30,
-l RaE e 0 8 - 0% - W 1R

750 UR B,
=F-SF-L I

4-%F+8

(1) ERFEHRIHEOEIC L VRHBEN TR
Ag. Al, Br, Ca, Cl. Co, Cr, Cu, Fe, Hg. I,
Mn, Mg. Rb, 5, Se. V. Zn, ® 18 ETH-
7ze

(2) ¥& I CERBROEEPIRIANT
ARETIEEA YR N2, ZOZ EiE,
X I COBRBERE,L-IEBB NI, £
REOEPETH LD THhEREARD b
ST EIE BTV EELZLNS, 5%K
HNOTFETH D,

(8) E¥Iv CRAREL—FIED LENRNE
ned<i25,

(4) " EAOBRENLLERIRXIANAT VAF ¥
— b EEYD, BRIRITIANT VRAEBTRRATHE,
FERE%2 7 V7 TETWL

(5) &I Cixgks 20 3MiIcETL. B
WEBEDDIHERH AN, SEOERTIX, 83
FINRT L RTEER B NPT &b 1
EIZRTAEZ IV CORBLEBERHMCHBENDD
EEZLN, EHLERFTHTFETHS,




BX-EX-/N—T - EXODREL TRBREOERIZHET W

1. LBz
FETIII RS & BER S BEEh T3,

EEhsaRET. OEBOBERIE. O4F
T HBROME, QRERPTRR. OEHOLREER
ZE-oTED, EHIZ, ABBICEEEZ5232L
X, HBOEBRRLIZL o THTERECESL R
9, PTH, BRIk 7 AFKTE K
DB EEZ DIV BEERR EOEGHORDOE 2
CHRIFBI RS EN T HERS B & CEER
SEBROBEHRIZHD L SR TS, L, BER
SOPREIIRE S T3, EERSOREILE
LALBEIRTO2RW, FITC, BR-1k -~
—7 AR EN I BETROEAROERYH
N, FrxORETRE L, L OEES 2R
B

2. RO

POTEREN, B -1 - T - £z
EHINA T TROZERIISOWTRESRH L,
THRBEEFLAIRTINVOBEN RT3, AV
7=3REHL, BEOYUFERTLE D LT ERERIC
E3{bDTH B, BREICHOWTIL, BEELE

(H.16) - EHfEF (H.18) OF— 22, &
KizonTix, 0T H (H.10) - BALETF
(H.14) - ox K &F (H18) OF — &2, ~
— 7OV Tik, BAFHTE1D - FERE
(H.16) OF—F ZHWE, £IC>WTiE, AT
#F (H1D) - BEEF 190 8 £0F 5372
Db, BB, KR4S, ~—T 36 4, 4K
29, AE 153 xR e L, 72, ERFIER
KUR-Pn1I2 L 5 EnREEHMESTIC L o7,

3. BRBIUEEZ
B K- T - EROFBRSS L FOYER
FLIORL, Efe, 8K - 1K - —7 - £F0
REPCRBE L TOBEEREPR 2ITRLE, £
T CalZOWVTRET S & N—T7EFIFRRD
2fEEHE TH o7, Ca iR =E, IO EFRE
IZER L, BBk, Vo~ e, FIRE. AR
B ATATREZBREHDEEZOLNTVBA
Do, (1547 128KE—R L»HZsixCa®k
HRETDZELTAMLABEETELEELZ DR, N
—7  EEROFRENT LR - R L HRERN

RELTRAHARERET W =R

KEWZ LEFET B, KiZ, FelZoWTRAE 3
& =T REEER LT, Fe l330REHEH 5202 X
NTEY, MEBBRICHENRH 3 —T7ITEEOE
MZH o7, T, Fe iR&Iiow1 35 H0%HI{L
SHEIm, KR, ARREE. BLRRRSIZHER
HBEEZONTWREAPD, IGERFRRTI LR
7221 LWVWSZEiX Fe #@IET 52 L CHMmAS
FHETDLEEZ O, N—THRENT LR -
— 7 AR Y MENKRE T & BRET B, K,
KiZOWTHRET 2 &, FASEEZ R L, M35
LVEEEZ R L, KB ATAETARICES -
Y- BV LBERE LTHERERTWAED,
RECROAETRTTVABEREZ HLD, T/,
KIZImEEXTTF2ERARSH D LZ2 0TS A
o, K 2T 5 L CRIEDTHIz 23 L&
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2010/5/15- 16
% 71 @ﬁm’ft%n_}nﬂﬂﬁ

EARR AL F v 2 /XA
http://www jsac.or jp/touronkai/71touron/kouen.html
S AAREY): 2010/1/20
ZeAREY): 2010/4/21
2010/7/7 -9
BATEIY AV b—7 - AR HRRERS
H AR} 2 AR http://www jrias.or.jp/index.cfm/1,html

ARIE FARGY): 2010/2/28

2010/9/15 -17
HAS #2859 £
RAERZANANALF v > /XA
http://www jsac.or.jp/~jsac_ne/59nenkai/59nenkaiindex.html

R ARG Y): 2010/6/2

2010/9/27 - 29
2010 B AL FRESR - 8 54 BB L RS
RERRZERHF v > /N A
http://www.chem.sci.osaka—u.ac.jp/lab/shinohara/rc54/
HE HOAREY): 2010/7/5
ZhneAREY): 2010/8/27

2010/11/7 -13
Application of Radiotracers in Chemical, Environmental and Biological Sciences

(ARCEBS 10)
Bidhannagar, India http://www.saha.ac.in/cs/arcebs.2010/
EERY): 2010/5/15
Z AR 2010/9/15



2010/11/15-19
4t International Symposium on Nuclear Analytical Chemistry (NAC-IV)
Mumbeai, India
http://www .barc.gov.in/symposium/nac2010/index.htm
EEREY): 2010/6/30
ZhnHAREY): 2010/8/31

2010/12/15 - 20
The 2010 International Chemical Congress of Pacific Basin Societies (PACIFICHEM 2010)
Honolulu, USA |
http://www.chemistry.or.jp/international/pacifichem2010/Top.html
BEEHY: 2010/4/5

2011/3/13-18
13th International Conference on Modern Trends in Activation Analysis (MTAA-13)
Texas A&M University, USA
http://tti.tamu.edu/conferences/mtaal3/
EEHY): 2010/11/1
ZmeEAREY): 2011/2/28

Travel support for young scientists and students: 2010/7/15

2012/1/22 - 27
Tenth International Conference on Nuclear Analytical Methods in the Life Sciences
(NAMLS-10)
Bangkok, Thailand

2012/3/25-30
Methods and Applications of Radioanalytical Chemistry (MARC-IX)
http://altmine.mie.uc.edu/nuclear /marc/index.shtml
EERY): 2011/12/1
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