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Pushing the Limits of Naa: Accuracy, Uncertainty and Detection Limits

Robert R. Greenberg
Analytical Chemistry Division, National Institute of Standards and Technology

Gaithersburg, MD 20899, U.S.A. (robert.greenberg @nist.gov)

Despite being more than 70 years old, neutron activation analysis (NAA) remains an extremely valuable
tool for many applications. NAA offers excellent multielemental capabilities, has characteristics that
inherently provide few sources of error compared to most other analytical techniques, and provides intrinsic
quality assurance characteristics that often allow measurement results to be internally evaluated and cross
checked.

Over the last 15 years, NAA has faced increasing competition from other analytical techniques for many
of the applications normally well-suited to NAA, such as multielemental environmental and geological
studies. Much of the competition has been from inductively coupled plasma mass spectrometry (ICP-MS),
which can successfully compete in multielemental capabilities and detection limits in solid samples.
However, NAA has the potential for superior accuracy, since ICP-MS is more subject to matrix effects and
interferences, at least for trace analysis. Opportunities exist for high-accuracy NAA applications and
should be exploited.

This presentation will focus on long-term efforts at NIST to improve NAA detection limits through
development and optimization of radiochemical separations, to improve the accuracy of NAA measurements
by identifying, quantifying and reducing measurement biases and uncertainty sources, and to demonstrate the
method’s metrological basis to establish NAA as a ”Primary Method of Measurement”.

EnS, BEE, Greenberg, Chatt K.
Ny BT
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A Hybrid NAA Method for Assessment of the Levels of Organic Halogen Compounds
in the Atmosphere in China

D. Xu", Z. Zhang*, Q. Jiang', Y. Li*>, Z. Chai'

Laboratory of Nuclear Analytical Techniques, Multidiscipline Initiative Centre, Institute of High Energy
Physics, Chinese Academy of Sciences, *International Joint Research Centre, Harbin Institute of Technology,
Harbin, China
*1-1, P.O.Box 918, Beijing 100049, China
(xudd@ihep.ac.cn)

Organic halogens have long been recognized to be severe environmental pollutants, because of their
persistence, bioaccumulation and potential hazardous impact on human health. In this study, a large-scale
network of 91 passive air sampling sites was used to better understand the atmospheric distributions of
organic halogens across China. EOCI, EOBr, EOI, PCBs, PAHs and OCPs in the atmospheric samples were
determined by a hybrid NAA method combined with GC-MS. The corresponding analytical quality control
measures were taken during the whole experiment. EOCl, EOBr, EOI, and PCBs exhibited a great
urban-rural gradient. The highest values were detected in the areas of high usage and emission, which were
linked to the local urbanization with relatively rapid economic development in China. The results clearly
indicated that these pollutants mainly came from industrial pollution. Higher EOCI contents in traffic areas
stated that exhaust emission from vehicle was another main source of organochlorines in air. The relative
proportions of the known organochlorines (84 PCB congeners) to total EOCI were 0.02-3.0 %, which
implied that most of EOCl measured in air were unknown. PCBs in urban and rural air were dominated by
tri-CB (mean: 48 % and 45 %), followed by tetra-CB (mean: 24 % and 22 % ), with relatively high
contributions from di- CB (mean: 14 % and 16 %), penta-CB (mean: 12 % and 15 %), and hexa-CB (mean:
2.1 % and 1.7 %), whereas composition percentages of heavier homologues decreased with increasing
molecular weight (MW) and were less than 0.1 % of the total PCBs.

EMS, Chatt, Xu, Zeisler & I.
NTy MIT
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Radioactive Tracer Technique Study of Extrapulmanory Translocation of
Intratracheal-Instilled Ultrafine Ferric Oxide Particles in Rats

Mo-Tao Zhu,*® Wei-Yue Feng,* Bing Wang,*® Meng Wang,*® Hong Ouyang,? Yun Wang,*® Yu-Liang Zhao?
Zhi-Fang Chai®
* Laboratory for Bio-Environmental Health Sciences of Nanoscale Materials and Nanosafety and Key
Laboratory of Nuclear Analytical Techniques, Institute of High Energy Physics, Chinese Academy of
Sciences, Beijing 100049, China
® Graduate School of Chinese Academy of Sciences, Beijing 100049, China

It is hypothesized that inhaled ultrafine particles (UFPs, with aerodynamic diameter < 100 nm) may
pass through the lung-blood barrier into blood circulation and affect whole systemic organs, especially the
cardiovascular system. Ferric oxide (Fe,O;) nanoparticles, as a considerably interesting material for
application in nanotechnique and the predominant components in particulate matters, is required to estimate
its transfer and biodistribution after inhalation exposure.

In the present work, 22 nm-sized Fe,O; particles were irradiated in a heavy water reactor (Institute of
Atomic Energy, China) at a neutron flux of 5x10” n/cm®s for 7 days. After 2 weeks decay, the ¥Fe,O,
particles at a dose of 3 mg/rat were intratracheal-instilled to male Sprague Dawley rats. The count of *Fe in
brain and viscera samples was measured at post-instilled 1, 7, 21 and 50 days. The metabolism of *Fe in
blood, urine and feces was determined from 10 min to 50 days of post-instillation. Our results showed that
*Fe,0; nanoparticles translocation from lung into systemic circulation was a rapid process while the
elimination of *’Fe from lung exhibited an extremely slow speed. The target organs of 22 nm-sized Fe,O,
particles via extrapulmonary translocation are liver, spleen and heart.

STUDENT ORAL AWARD - 2P PRIZE

The Determination of Trace Lements in Hair From Tanzanian Children: Effect of
Dietary Factors

Najat K. Mohammed* and Nicholas M. Spyrou
Department of Physics, School of Electronics and Physical Sciences, University of Surrey
Guildford, Surrey. GU2 7XH, UK (n.mohammed@surrey.ac.uk)

Trace elements in certain amounts are essential for childrens’ health, because they are present in tissues
participating in metabolic reactions of organisms. Deficiency of the essential elements may result in
malnutrition, impaired body immunity and poor resistance to disease. These conditions might be enhanced
against a background of additional adverse environmental factors such as toxic elements. The analysis of
elements in childrens’ hair will give information on the deficiency of essential elements and excess of toxic
elements in relation to their diet. This study is a continuation of the work presented recently where hair
samples from boys in Zanzibar, the island which is part of Tanzania, were reported. In this study, 100 hair
samples from children (girls and boys) living in Dar es Salaam the capital of Tanzania, have been analysed
for trace elements in relation to food consumption habits. The analysis was carried out using long and short
irradiation Instrumental Neutron Activation Analysis (INAA) of Nuclear Physics Institute (NPI) at Rez,
Czech Republic. Arithmetic and geometric means with their respective standard deviation are presented for
19 elements. Sub groups were formed according to age, sex and regions from which the samples were
collected. Differences in concentrations for the groups were explored and discussed. Comparison was made
with published data for a number of different children populations.
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Analysis of Serum and Whole Blood Using NAA and Edxrf Techniques for Clinical
Investigation

L. Kovacs'”, C. B. Zamboni', L. C. Oliveira!, V. L. R. Salvador', I. M. Sato’, and M. R. A. Azevedo>
! Instituto de Pesquisas Energéticas e Nucleares, IPEN — CNEN/SP
? Universidade de Santo Amaro - SP
"% Av. Prof. Lineu Prestes 2242, Sdo Paulo — SP, 05508-000, Brasil (lukovacs @gmail.com)

In this study certified biological reference materials were analyzed by using NA A technique to determine the
major - trace element concentrations, that are very important for checking electrolyte disorders (specifically,
Cl, K and Na) and, consequently, are frequently monitored for medical diagnosis. The serum reference
material was also analyzed using EDXRF. These measurements were performed to test the accuracy and
precision of these techniques. After, the concentrations of these elements were analyzed in human body
fluids (whole blood and serum), from healthy volunteers select from Blood Banks, resulting in the first
biochemical reference values for Cl, K and Na for the Brazilian population. These data permitted us a
discussion about the advantages and limitations of using these analytical techniques for biochemistry
examinations.

Financial Support: CNEN and CNPq

STUDENT POSTER AWARD - 15" PRIZE

Introduction of HYPERGAM for HPGe y-ray Spectrum Analysis

C.S. Park™, B.G. Park’, H.D. Choi! and G.M. Sun®
' Department of Nuclear Engineering, Seoul National University,
HANARO, Korea Nuclear Atomic Energy Institute
'Silim-dong, Gwanak-gu, Seoul 151-744, Korea (vandegra@plaza.snu.ac kr)
*Deokjin-dong, Yuseong-gu, Daejeon 305-353, Korea

The HYPERGAM program has been developed for automatic analysis of complex HPGe y-ray spectrum.
- The main functions are peak search, position determination and peak area fitting, etc. The analysis part is
based on a well-known peak analysis code, HYPERMET. Basic features such as automatic peak search,
nonlinear fitting of multiplet peaks have retained. Window based graphic user interface is provided on
MATLARB platform. Spectrum and fitting procedure are graphically displayed for user’s easy ascertainment.
On the channel-energy calibration for wide energy range, the system non-linearity is compensated. For boron
analysis on Prompt Gamma Activation Analysis, the Doppler-broadened peak analysis routine has been
added. The MCA emulation function is offered, which enables online control of acquisition device and
transfer of spectrum. The commercial ADC systems, such as ORTEC MCB and CANBERRA AIM, can be
controlled. For the full-automatic analysis, the isotope identification module including PGAA library is
currently under progress.



STUDENT ORAL AWARD - 3® PRIZE

Analysis of Serum and Whole Blood Using NAA and Edxrf Techniques for Clinical
Investigation

L. Kovacs'”, C. B. Zamboni', L. C. Oliveira!, V. L. R. Salvador', I. M. Sato’, and M. R. A. Azevedo>
! Instituto de Pesquisas Energéticas e Nucleares, IPEN — CNEN/SP
? Universidade de Santo Amaro - SP
"% Av. Prof. Lineu Prestes 2242, Sdo Paulo — SP, 05508-000, Brasil (lukovacs @gmail.com)

In this study certified biological reference materials were analyzed by using NA A technique to determine the
major - trace element concentrations, that are very important for checking electrolyte disorders (specifically,
Cl, K and Na) and, consequently, are frequently monitored for medical diagnosis. The serum reference
material was also analyzed using EDXRF. These measurements were performed to test the accuracy and
precision of these techniques. After, the concentrations of these elements were analyzed in human body
fluids (whole blood and serum), from healthy volunteers select from Blood Banks, resulting in the first
biochemical reference values for Cl, K and Na for the Brazilian population. These data permitted us a
discussion about the advantages and limitations of using these analytical techniques for biochemistry
examinations.

Financial Support: CNEN and CNPq

STUDENT POSTER AWARD - 15" PRIZE

Introduction of HYPERGAM for HPGe y-ray Spectrum Analysis

C.S. Park™, B.G. Park’, H.D. Choi! and G.M. Sun®
' Department of Nuclear Engineering, Seoul National University,
HANARO, Korea Nuclear Atomic Energy Institute
'Silim-dong, Gwanak-gu, Seoul 151-744, Korea (vandegra@plaza.snu.ac kr)
*Deokjin-dong, Yuseong-gu, Daejeon 305-353, Korea

The HYPERGAM program has been developed for automatic analysis of complex HPGe y-ray spectrum.
- The main functions are peak search, position determination and peak area fitting, etc. The analysis part is
based on a well-known peak analysis code, HYPERMET. Basic features such as automatic peak search,
nonlinear fitting of multiplet peaks have retained. Window based graphic user interface is provided on
MATLARB platform. Spectrum and fitting procedure are graphically displayed for user’s easy ascertainment.
On the channel-energy calibration for wide energy range, the system non-linearity is compensated. For boron
analysis on Prompt Gamma Activation Analysis, the Doppler-broadened peak analysis routine has been
added. The MCA emulation function is offered, which enables online control of acquisition device and
transfer of spectrum. The commercial ADC systems, such as ORTEC MCB and CANBERRA AIM, can be
controlled. For the full-automatic analysis, the isotope identification module including PGAA library is
currently under progress.



STUDENT POSTER AWARD - 2"° PRIZE

Estimation of the Sources of Pelagic Sediments from the South Pacific Ocean to the
Antarctic Ocean

K. Shozugawa'*, A. Kuno', Y. Sano?, and M. Matsuo'
'Graduate School of Arts and Sciences, The University of Tokyo,
*Ocean Research Institute, The University of Tokyo
*3-8-1 Komaba, Meguro, Tokyo 153-8902, Japan (shozum@dolphin.c.u-tokyo.ac.jp)

An understanding of the sources of supply at the pelagic sea sediments requires both the accurate

determination of the element concentrations in the sediments and the factors that control their variations.
Surface sediment samples, 6 cores with no artificial pollution, were collected from the Antarctic Ocean to the
South Pacific Ocean along Long. 170 degrees W in 2004-2005. Using Instrumental Neutron Activation
Analysis (INAA) and Prompt Gamma-ray Analysis (PGA), we have determined the concentrations of 30-36
elements in each core.
Now we focus attention to the sources of sedimental components that have various origins. K/Ti ratios, one
of terrigenous indicators, were 5-21 in the sampling stations near New Zealand, whereas the ratios were ca.3
for the pelagic sediments, implying that the cause of difference is due to the effect of dust. For the further
discrimination of the sources of supply, Principal Component Analysis (PCA) can be considered to be a
suitable way to discrimination the sources of the sediments, ex. multiple terrigenous and marine components.
Factors loading from PCA indicate that there are relationships between characteristics of collection stations
and sources of supply of sediment.

STUDENT POSTER AWARD - 3¥° PRIZE

Chemical Composition of Tomato Seeds Affected by Conventional and Organic Production
Systems

A. A. Ferrari*, E. A. N. Fernandes, F.S.Tagliaferro, M. A.Bacchi
Centro de Energia Nuclear na Agricultura, Universidade de Sao Paulo
*P.0O. Box 96, 13400-970 Piracicaba, SP, Brazil (aferrari@cena.usp.br)

The tomato is amongst the most consumed vegetables in the world, not only due to its culinary versatility,
but also for its high nutritional value, being a source of vitamin A and C besides mineral salts like potassium
and magnesium. In South America, Brazil is the major producer of tomato for industrial processing. The
conventional tomato cropping system demands intensive utilization of pesticides, resulting in highly
potential damages to the environment and to the human health. Because tomato is part of the basic diet of the
population, consumers have shown a great interest regarding the product origin and safety for consumption.
The organic tomato production has been a promising alternative for the consumer, offering a safer food in
relation to environmental, social and human health aspects. Thereby this study intended to assess the
elemental chemical composition of tomato seeds from the hybrid variety AP 533 for industrial processing
produced in both conventional and organic systems. The tomato samples were obtained from farms located
in Borborema and Urupués cities, Sdo Paulo state, Brazil. The seeds were removed, freeze-dried, milled and
submitted to instrumental neutron activation analysis (INAA) for the determination of the chemical elements.
The results showed significant differences (p < 0.05) in the concentrations of Br, Cs, Fe, K, Na, Rb, Eu, Mo
and Sm for both systems, suggesting strong influence of the crop management adopted in the tomato
production systems.
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NAA Application to Air Particulate Matter Collected at Thirteen Sampling Sites in Eight
Asian Countries: A Collaborative Study

M. Ebihara", Y. S. Chung?, H. M. Dung’, J. H. Moor?, B.-F. Ni*, T. Otoshi’, Y. Ourd’, F. L. Santos®, F.
Sasajima’, Sutisna®, B. S. Wee"®, W. Wimolwattanapun® and A. K. B. H. Wood®
'TMU (Hachioji, Japan), ’KAERI (Daejeon, Korea), >NRI (Dalat, Vietnam), *CIAE (Beijing, China), "TUCSS
(Sakata, Japan), °PNRI (Quezon City, Philippines),’JAEA (Tokai, Japan), °NNEA, (Serpong, Indonesia),
’MNA (Selangor, Malaysia), '°TINT (Bangkok, Thailand)
*ebihara-mitsuru@c.metro-u.ac.jp

Following the initial report (Ebihara et al., 2006), we report here the subsequent results for air particulate
matter (APM) sampled at 13 sampling points in 8 countries. Both PM2.5 and PM 10 samples were collected
and their chemical compositions were determined by using instrumental neutron activation analysis (INAA).
The k;-standardization method in addition to conventional comparative method of INAA was applied in
several countries. Based on analytical data, applicability of INAA in monitoring the air quality level is
discussed and general outlook on each sampling site is characterized by comparison of temporal and spatial
variations on chemical composition of APM. The sampling and analysis of the APM samples have been
carried out in line of the environmental research program in each country. In parallel with such activities, the
Forum of Nuclear Cooperation in Asia (FNCA) supported by MEXT, Japan, has played important roles in
harmonization of the sampling planning, the inter-laboratory comparison of analytical data for small samples
(around 1 mg) and the comparison and introduction of ko-software packages, and in supporting regular
expert meetings as well.
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Charged Particle Activation Analysis ---- Past, Present and Future

Tadashi Nozaki
Honorary Scientist, RIKEN, Japan
nozatadism@nifty.com (Home)

Charged particle activation analysis (CPAA) was first reported in early 1940s. At the evolution of solid
state electronics in 1950s, NAA and CPAA timely met the need for ultra-sensitive analysis of various
impurities in semiconductor materials. To B, C, N, and O, for which NAA is not available, CPA A proved to
be highly effective giving reliable absolute results free from surface contamination. Many groups in the
world then undertook CPA A in wider application fields, overcoming its inherent problems and devising new
experimental techniges. The "B(p,n)"'C, “C(He,a)"'C, N(p,a)"'C, and *O(*He,p)'*F reactions are often
used for activation.

After preparation for experimental procedures, we undertook the following studies: [1] for C, N and O in
semiconductor Si, (a) behavior in industrial production, (b) phase diagram, (c) IR absorptivity; [2] chemical
separation of '*F, N and "'C; [3] activation with equal probability along depth; [4] surface analysis, and
monitoring of B and C in ambient atmosphere, [5] on-line analysis, and activable tracer method, and [6]
procedure for routine commercial analysis.

The author, believing that sensitive and reliable analysis of predominant elements on Earth’s surface
will ever be meaningful, proposes the two prescriptions for present shrinking of CPAA: (1) promotion of
commercial CPAA, such as in S.H.I. Exam. Inspect. Ltd., Japan; and (2) setting of many compact cyclotrons
commonly available for CPAA, radio-nuclide production, and education. International collaboration will be
needed for (2), but these cyclotrons will offer valuable knowledge more intimate to our every-day life under
much less expenses than huge accelerators.

Radioanalytical And Imaging Techniques For The Challenges And Opportunities In
Biomedical And Other Areas

N. M. Spyrou*
Department of Physics, University of Surrey

*Guildford GU2 7XH, United Kingdom (n.spyrou@surrey.ac.uk)

Neutrons, charged particles and photons are used as probes to obtain information about chemical
composition and distribution in biological systems ranging from single cells to the whole human being. The
development of sensitive radioanalytical techniques combined with imaging methods, such as tomography,
has been given an impetus by the unraveling of the human genome in the last decade. This provides exciting
challenges and opportunities which need to be taken up by the radioanalytical community and a selection of
this will be discussed.

In order for the opportunities to be explored, in going from ‘molecule to man’ there are problems that
need to be resolved. Not least in the dramatic decrease of nuclear research reactors in developed countries,
over the last 30 years, despite an increase in numbers in developing countries. On the other hand, the number
of small to medium particle accelerators for industrial and biomedical applications has grown and so have
the new large synchrotron centres.

A selection of areas of application will highlight how a useful and in some cases unique contribution by
radioanalytical methods can be made.
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over the last 30 years, despite an increase in numbers in developing countries. On the other hand, the number
of small to medium particle accelerators for industrial and biomedical applications has grown and so have
the new large synchrotron centres.

A selection of areas of application will highlight how a useful and in some cases unique contribution by
radioanalytical methods can be made.



Multiple Gamma-Ray Detection Method and Its Application to Nuclear Chemistry
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It is well known that most radioactive nuclides emit coincident multiple gamma-rays. The multiple
gamma-ray detection method takes advantage of this feature and the gamma-rays are detected in coincidence
with a gamma-ray detector array. From the correlated data we can create a gamma—gamma two-dimensional
matrix or gamma-gamma-gamma three-dimensional cube. On this matrix or cube an energy resolution much
better than the ordinary one-dimensional spectrum can be achieved. Furthermore signal-to-noise ratio is
considerably improved. Hence this method can be applied widely to radioactive nuclide analysis. In the talk I
will present its typical application to the analysis of nuclear waste, neutron activation analysis (NAAMG),

and prompt gamma-ray analysis (MPGA).
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FIRRIAVBEERCEEMNORFAMEZEE LR T 2 SEEOTENERIN TS, T EHM
DEBZERTSITRIIDVWTHAIEBIUOOFRfTFON TNV S,

REBARZEFFEERFTOILRS OMET N — T, LB E R—TFLEA—RF ) Fa—
TOEBKILEECTI UHEL AAND T R EOREERANLHELEIT> TS, MENR
—TENEA—RF ) Fa—TE R—TIN3PEORECBEICL > TEOREE B E



5T EMTESDEHHFINTNS, HANARO KBWTRA—R S/ Fa—THic R—TEnk
AVRCEAEL, TFOREEZ, TNONR—TINZREOEETEET HERIMTON. I UM
AF REBEN R —T I NGB T 2H AR ENRF NI,

RELFREORES DL )N —TIE - HEWOBRPITIER R E RN D EINTW
572IEBRBL. RRODABEVBT AL E2ERHETHHROEF T END2WMETLRDOR
EEEETLIERET . INETRKEFRHFRMOBREEEEZERT 5 TRENR E LZSHN
o, 1I8EEDDOILRINEEIN,

ABEERZOBESOWFEIIN—TE, VAARECERABERICEENDI LREERT DHE
BEfTol. BEABREREOSHEEZEA L. BOMICXZ2BRISEETH 5=, pilLE
PARE LR T REME O FTERRE RO FEDVEDTH D, BoNZOFRENS., BEDOE
BBRICBIT 24 IRTTROEECHMITBT D FImMNEF 5 NI,

(5D REE]

2008 FEE LI S HANARO 2 FIA U 72 L FIFIHFEN AR E N, 2008 FEIL 8 oMk d L <
BHEOMET — I X > TERMIENED SNBFETH 5. HANARO TOHFEFI AKX
ZEW KURKRIEFOREFERE L TTREL, BHAOHRE & OERNZHRPCERRIREITI &
W&o T BMAHMEAHEDSBROBREEZEZ S LTRVWESMNTERDEZEZITNS,

(HFIRRBEF KD EH)
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Current Activities of Instrumental Neutron Activation Applications in KAERI
Jong-Hwa Moon
Korea Atomic Energy Research Institute, 150-1 Duckjin-Dong, Yuseong, Daejeon, Korea

( jhmoonl @kaeri.re.kr)

This presentation aimed at introducing current activities of environmental application studies by using
instrumental neutron activation in Korea. The first topic is a sewage sludge which was generated from
sewage disposal facilities in Korea and only 11.03 % of it was reused. In addition, as a direct landfill of
sewage sludge was forbidden from June 2003, research for a relevant disposal technique has been increasing.
Sludge samples were collected from a sewage disposal plant in Daejeon city and the cover soil was produced
by a dilution of a sewage sludge with limestone. Instrumental neutron activation analysis was employed to
determine the elemental contents in the samples. Twenty seven elements were analyzed and their
concentrations were compared. The second topic is stream sediment samples. samples were collected from
seven locations of MeeHo stream in Chungju city, strained out by a sieve, dried by an oven and pulverized
by an agate mortar. Instrumental neutron activation analysis (INAA) was applied for the determination of
elemental contents in the sediment samples by using NAA #1 and #2 irradiation holes of the HANARO
research reactor and HPGe gamma-ray spectrometers. Twenty five elements were determined by relative
method with NIST SRM 2711-Montan Soil and the ranges of elemental contents for seven locations were
identified. The contamination levels for elements such as As, Ba, Cr, Mn, Fe and Zn were compared with the
guidelines of USEPA. The detection limits and combined uncertainties for the hazardous elements such as

As, Ba, Cr, Mn, Sb, V and Zn were estimated under the given analytical condition.
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Doppler-broadened Boron Peak Analysis Software
and Its Application to Various Boron Compound Samples
Gwang-Min Sun

Korea Atomic Energy Research Institute

Prompt Gamma-ray Activation Analysis shows very complicated spectrum including a typical Gaussian
peak and skew peaks originated from the various reactions of neutrons with samples nucleus or detector
crystal, among which the most characteristic one is a 477.6 keV peak from boron after neutron capture. The
gamma-rays undergo a Doppler broadening combined with a recoil of an excited Li nucleus and shows
rectangular shape. New software to analyze the boron peak shape is now under development. This software
adopting an algorithm with mixed functions of main peak, exponentially decaying short term tail and
non-linear background accompanying with a step-like continuum to decompose the Doppler-broadened
boron peak and its background, which is unfolded with the Gaussian function to provide a finite resolution.
In this study, the software was applied to the analyses of various boron compounds samples like elemental
boron, boric acid, borax, boron carbide, titanium diboride, La-hexaboride, NIST SRM Montana soil and
boron steel and so on. The degradation constants produced by the fitting are also listed. Degradation
constants are around 1.2 for elemental boron and boric acid samples, 1.0 for Montana soil, 2.0 for titanium

carbide, La-hexaboride, 2.1 for boron carbide and 2.5 for boron steel.
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B AR BT DI E HERE A 7 o — T L LT R L R O KRR R B R F
Can pelagic sediments from South Pacific Ocean act as a probe for climate change at the sedimentation
age?

NIRRT @38 EHFE° nREZ!
VR R R FERR A UL SER
? PEZEHL TR & IFSERT
P ROR KR ERT
* shozum@dolphin.c.u-tokyo.ac.jp
1 EE

RS X ORI & 0 B S 72 i PR HERR ot U O s P B b o iir ik B
LOBEY <~ otriEa B L, 29-35 TR OILRBE LB L ZEE 10%UN TR, BIE
RELWME LZERMELZRILANY MBI LERSAITICER LR, REEL LT
BIlDOFX A N EHEINDEERI MRY—U T2 Z LR TE 2, BREFEOHER{LEFE
BELRBROBEMZR L, EERNCEROMGIREZ IR L TV 5, EEREVRELE A
RYHERRY 2 TICOW T, U-Th FARREE 2@ )G LSRR (U O e TR 2 HEE L 7o RE R,
BE T SANREZ— OKE-BOKEIY A 7 NV ST 2B AEENIR O LR o7 b D
O, BEFOBETIIMEELZ RN ET 2 ERHREZ &b, BENY MVHEFDO XL
ROUENVETH D, AFRIIBEFEOFIENSEILTE D RERERUAOHER, T7,obb
RS O L CAFEE B BITSHT 22 LR TH Y . HEREFERITS Ul

BFEREETCEERMREZ 525 LBIRTE S,

2 [FL®HIC

WHEHERE I3 OREHGIR TR 5 & BRI . EAmER, B AERGEGBIER)IC X S
RN R DRITFHICE > THERINS, ZOPTHLREFICEBILYSA Clo < HEREE
2O NBBIFEE S DR L HEE T & DR EEREHEREY) O RRlak g ¥\ - D\ CHHETR % o B
T5Z &, HELERORBELER E OBELZBEENENH D Z L0 b, EfE CORERE LA
KOOI TVD, —RHIREBHEMEFEHEREY IR KL ORI REEA <2 R 3720
RV, a7 2k%ziE L CHREGEER 107-10'mm/1000yr' TH Y . 7T v 7 ADRANEVKEE
WS, W O & LT 2 L HEFICRETH 5%, A CHEAT 2 EEE 2 T I~
NFTNaT T THRRE N HERIEV 2 7 (<30ecm) T 5 25, BHIEEI 5 52J i 2 i
TOKI-FOKEY A 7NV ERBR L TV D LHEEN, LERITORA RFIEIZL - T, 20
BRI OB ERELE A2 N L —XTHZ LN TE B,

A T B AR /1 0F5CBE 5448 (Japan  Atomic Energy Agency ; JAEA)DHFZEIF(JRR-3M,
JRR-4) % FI il U 7o as P 7 UL D HTIE(INAA) 72 & QNZBNIFE T V< BT IE(PGA) & i 1
WM 2 TICEIS L. 27 2R T 55 LROREOEREZRAA T, INAA X PGA
EV o FEEAWVWEZTRERIL. SIRBEOTED bt ICP-MS 72 & OB S ICO0E
DHEEVHDL, LPLARBL, FICEREEMICZ EE4LD zircon 72 & ORME CHEAE L7
WRLF BRI L7ZGEIC. BAOW TIRHZOERMICRY BECD7-0, FRELUTESZR



EEREE/2 2 ENHKRVATEERH S, MX TAFETHVIRABO X IZ, SHED
HOILHWD Z LN TE 2RO EBRON TV AHEEITIE., FEENOZ LR R
\ZEBEHK S INAA, PGA 3R ICHERLREETH S,

AR TIIHED P OTRBEELE ) b HHERELEHZ P L —XFT5FEIMZ T, 27
P OREREE Y OMAGIRA R E, K2R T 2 cROBENRY — U RN R 2 RICER
L. RIFORBHEELZRLT, TOLOPEREZLEOLEELROERBELZKTY
Wb R7p U= 2R EMRNT 2 HeIROMBICER Lz, XM & ITREBRR LT —F <
NY 7 ZRICHFET DBE L OBEEE» OG5 2AF 2/l - I3 28 N 2#EHNF
HETHY, BFEOT—F~vA =T LIELIERVWOLRE FETH D>, I bicaT2k
WZH > THRRENARY MR —rpsfiiti Sz a7iext LTk, i a7HhIicEF 35
BE Z°Th EEIZ L 5 U-Th HEERREEZEIG L, 2 X » Tl S =BERTE O
BT MDY — o O & BEFORERILZN e BIE A2 A G5 2 & T, Y
ROKELE L OBFEEREZHET S Z EBAHEO B TH D,

3 EE

3.1 RA¥

B 72 BRBHI R R KB EF FEAT IS & OV AT 7EBA #8848 (Japan Agency for Marine-Earth
Science and Technology ; JAMSTEC) D177 % 1% T, 2004 4E7> & 2005 EIZ A7 T JAMSTEC
DEEMFFER BB KH-04-05 MV K - TERIMRIEA b B RKFHEIL )T TR 170 &
BWIZ h T 7 MERL EEEREEEHERY6 = 7)Th D, ARETIIZED I L
4 217 (8X09,16,18 21)iZ WV TOWMEHTT 5, Table 1 ITFNEFND 27 OFEHLAR L O
a7 OFHETH D, SX09 OEEM A ILFMEHEIZJB L. Antarctic Counter Current ; ACC ¥
W BT DR T H 5, SX16,18 DELEUM AT New Zealand f8 Chatham & B TH Y |
SX21 DOELEUM 21 New Zealand i Kermadec # B R T TH 5,

Table 1. locations and depths of multiple corer* sampling stations

SX09 SX16 SX18 SX21
Latitude / degree 65°10.75’ 43°10.82’ 39°59.57’ 24°47.33’
Depth / m 3335 2300 4627 5679
Recovery /cm 30 15 30 7
Characters calcareous clay  calcareous ooze siliceous clay brown clay?

with dropstone

*not collected by piston corers.

3.2 INAA, PGA
HEREMD o 7 I XER RS . G b CHERE ST 0.5-1.0cm B L SWBBIRES -, 2D
— A D FRALER(105°C, 2 RF) L7z b, BEESHLEA THitk LB —{k L7, INAA OR
BHIH 50mg R A REFE L 7B 2 18 e R ) = F U U R 2 B v — L Lo FREHT
it U7, PGA IZ DWW T K 200mg FREE % SERIRALER 1IZ & - THED v » F12THI 50atm



Z 1 SR L TRy y MeL7z, XUy MuLHEREY 2 B L CER 27 vk
F L R7 w7 v v L fffE(Fluorinated ethylene propylene copolymer ; FEP)Z ¢ /L A
(ES 12.525m)ICEA L. AHAREE LT, 723 PGA DBIEIZH 7Y focus mode®id
2 TORBHIR LT L TV, Table 2 1% INAA 72 5 TN PGA IR 1T 2R H 5\
LR OBERMGFTH D, KREDERHIC L - CTRHNFFHE., HmHFMZ 3 BRREICREL
Teo REHRERON < R EIITRIRKRERER TERAFARFE - HERERFAE
BAE(IE : KERR BN D A o~ Bk Hi %5 (kamo, hatchan, ASC-42) 2 FIH L 7=,

Table 2. Conditions of measurement of INAA and PGA

Nuclides method reactor Setup Irradiation  cooling measure
time'
Al, Ca, Cl, Cu, Dy, ) Pneumatic ] )
INAA  JRR-4 60sec ~10min 10min
Mg, Mn, Na, Ti, V transfer tube
As, Br, K, La, Sm, 2 . . .
W INAA JRR-4 T-pipe 5min ~3days 20min
Ag, Ba, Co, Cr,
Cs, Eu, Fe, Lu, INAA  JRR-42 T-pipe 5min ~3weeks  >240min
Sb, Sc, Yb, Zn
B, Cd, Gd, H, Hg, 3 . )
s si PGA JRR-3M® Thermal neutron ~60min - ~60min

Tlive time 2100kW mode *20MW mode

33 SEREMN (EFkS T, PCA)

HEAGTRAI DIREE S Z —  ORIHICE L 72 FEEIZ DWW TR R 21T o 2R, Bon
T-EERMIZK L TEEBMETOVE D THDERKS ST (principal component analysis ;
PCA) %t L7z, Figure 1 ICZDEEEER L, ERZHWTIET —FZ~ ) 7 290
BEEENOBHRERTE2HHT 28RV T, HRCEET IRFRFRTHTH BB
CRFGTIVANDND Z ALV, ERGOITIIHEBEGRERRH TfThil, #xLED
BHE~Z M X OEFOBEAEZHER TP/, TG OTTERS OB EEF
BEMEDS 1 L2522 THD, ZOMBIEECHZ > UIEKRTEISBEMTH 2 ME
DEERME AW REBN R OT— 4 vy M LRENRY - OMEBREREY T
DRIT LT, ZORER. GHRORZR DK FOREICBEDL LT ILOBRE Y — 24
HTEDZLEHRBL TS, RBERZAONICHV | METLRKOBERZS IR
BRICKRESEETID, TRTORERELFRERICMEMEZER L THELZIT o7,



Figure 1. Fundamental of factor extractions (i.g. Z4, Z,) from data matrix (x4, x2) by PCA.

34 FRAE

VEPEHERRY) o 73 2 EMRBIE R, @HZ OB OWREEE G - FIELE
%, SX18 = 7 DT BEYEI THRE S N 7o) OHERRE I DV T < D0
WENDH DM, KL DSDP 594 =t 7 OHEREHE T 19.0mm/1000yr (26-271cm FEIE)
EWV)IERICEEAHREE 2 L OB H 5, L L ZHIUIAKEE 200m OEED D
BRENT-aT7 THHIEOEENLOFSBREVEEZ N, AFETHEAT I =T
OHEFGEE R ICEERS LV, B/MER 1657 27 OHEREEE T 2.02mm/1000yr
(0-300cm EHIfHE) TdH 5 ', SX18 12 bifi#E 9% CHAT1 = 7 T4 2.30mm/1000yr (1-353cm
EHE)TH D 0, ATt 7 ORI multiple corer 2 L7=72%, #IEEHEEY
WX B recovery IZBIB X Z 30em BB K TH D, ZO/OHBHMCT T v 7 AP —F
BB 2 BATHIZRMBE A XV MRV EREBTIE, 2R L b B+ ES—F—
DHRBERE a7 RIBMTHT D2 EPHEIND, BRI+ FFEL—F —OHERE
ERE2ET HBEHEBY OERRECBO T U-Th ERRENRETH 5, T ITHERK
WPIZFET H1BE PTh OB X 2FERBIEETH Y . £ OBIGHEIX P°Th O¥H
HA3~7.5x10* yr. TH D720, R FEEIET 5 E TORTTEST—F —TOERREID
BULEFETHD LD b ERORMEEMEERERH OFERREIE L TV 5, @R *°Th
EEEFM d & DO—RRDOBE X D6 F OHEFEERE 2R 5 Z & 5K 5 (Figure 2),
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A" = 4, exp(—— ﬂ'zsot)
Ind* = In 4, —(@)d
r

A, :radioactivity of *°Th,,
A" :radioactivity of #0Th,, at depth(d) after sedimentation age(t)

r :sedimentation rate

Figure 2. Formula of Z°Th-**U dating for sedimentation age.

HEEBLUER
41 TRBE

D GRS - a THEERE 4 BEET 5 &, $SX0921 a TITIHRKREEHS kK
EANBRIRDT Z v 7 ABAOEEIZRO EHETE D, RICKREBES(< Imm)ic A%
BIRT7 T v 7 ZABRBALTWEE LT, ZOMMBIITEN EHEINERHBEICE
BEELE2BIEETHRVEHBTE S, $-RBER) LT~ BBIEICE 5 BRICR
WT, HERRRETCEELITWVMEERICL a2 Ix—Ta o8B Ebi
D, Lo THETRBEIIABEELIR L - HEEREZRBRLEZLOTH S,
FEOEEMIT, EHEWENIES No.2 (Pond sediment, [ESZEREENIZEAT), JIk-1 (Lake
sediment, Geological Survey of Japan))DRFFE(—FLRIC OV TITSHRE) LB L TR
BLE 10%UANDEET—HEH TS, Table3 TiX SX18 a TIZ W THEETEDE
BEOHE % 2T 7,

Table 3. Average concentrations of elements of SX18 core

Element Average MAX Min. S.D. C.V.

Si % 19.84 2590 13.70 3.95 19.93

Ca 795 1640 0.85 5.32 66.90
Al 7.35 1050 5679 1.05 1422
Na 3.09 460 186 0.83 26.99
Fe 256 540 191 063 24.44
K 1.87 238 140 031 1643
Cl 163 341 1.02 060 36.72
H 067 088 045 013 18.82
Mn 028 048 019 0.07 26.79
Ti 025 030 020 0.03 12.18
Ba 0.1 014 0.08 0.01 1210

Dy ppm 681.7 954.0 246.0 1579 232




Cu 4134 729.0 3140 926 224

Br 139.9 309.0 778 648 463
Rb 879 1110 60.7 134 1563
Zn 68.8 955 39.0 166 241

| 476 884 177 207 435
Ce 437 585 316 77 176
Cr 432 601 350 59 136
La 232 418 7.7 92 398
Co 205 252 169 23 1.0
Nd 17.7 202 155 1.4 8.1
Hg 162 319 9.7 46 286
Sc 1.2 146 8.3 19 171
w 7.32 1050 373 139 18.98
Sm 569 7.73 366 097 17.03
Cs 540 687 399 086 1589
Ag 483 6576 113 0.99 20.41
Gd 340 432 266 054 1587
Yb 182 349 118 069 3567
Sb 117 138 091 0.13 10.96
Eu 102 142 069 0.19 1870
In 085 104 011 0.16 19.12
Lu 031 059 016 0.13 4229
Au 010 013 0.03 0.02 19.12

—REENCIRPEME OV ICE TN A TR BE L. BEALSKEELRY -4 A4 K
Wi EOBRNZRT T v 7 ABENRY , RESEHTHZ LiERV Y, SXI18 27
WTiE, BRTE 3 MESEIIBETE T, 27 Fy 7oA b AT T—HRICHRE
BrOBEEELTEY ., E-HEMEZ BT 5 X0 bEBERREIZCOBEINS,
fiskE LT Ca BEIISHESMICKERBEELA L, SEM IZ X 24MBEBOBRI O
R, BELEORRITEBHA DOKEN CCD TNV T 2 X BHA~DERBAE 25
N3, L2L, Table 312X 12, CaMNADEBETRH DV Tv—b— LR D EHE
BEEICHWT, SR ARSI LT 2 &0 & 2R R BEEBILH bz,
E7o. FLRBEOEHEILEFEGFEHEED & L TN TH Y | oRBE OZEH):
HHERER MR OEERELZWHO N TS 2 L T8 LV, SX09,16,21 =27 % SX18 =7
LR A TRBERR IR bR L A TER L,

42 PFEFRTEOBAENRZ FL

HEFE ST O TiO,, K0, Rb, Sc, Nb, Hf, Zr, Sr & ALO; & 1TV IEDOMBRIRIZH D, Z 1
—RRICEE O REB E L TCH b SN HMIIT NV I TERBRS M A& Z LIZH



KT B, VEED O Al BRI TRWIRE ©h 5 & RIRHCHERRM I —ERE S
TV FTERBBEEMIIES AR LW ESICEER LTS IR IRE B D TERWT LR
F8E8 (& LT kaolinite) & L THRLMICEES NS, Al I L CEQOHBERMFREZ S
HSERE G FEICHEAP OB TS Z L3y, INLOTRIIER»OELRFY VT
RM U CHEICHRET 5 £ TOMIC, BKEOBBHRA LV Z 57 v ar2RZRG
T D BRISHETER LI TS, 2D &b Al & EWIEMRBE 2 g I3k
BB HRkT 5L VWr B, 22 Tt Figure 3 ICERDICHT 5% 27 OREFEMEET
#(AL K, Rb, Sc, ) OEHF 2 b &R LT,

l Al
0.3 K
0.2 - Rb
0.1 - Sc
0.0 -

B Ti
0.1 -
-0.2 I I |

Factor1 Factor 2 Factor 3

Group 1 $X09(factor1) - SX18(factor1)
Group 2 $X16{factori) - 3X21(factor2)

Figure 3. Eigenvectors of terrigenous elements (Al, K, Rb, Sc, Ti) of sediment SX cores.

Figure 3 DREJR TR DBEAERZ M RF— U FHEBT 5 & | 8RR 7 — 733 2 OFFfE
4%, 1-21% SX09 factor 1 & SX18 factor 1 (/3% — U BEELL L TV 5 7 L— T (group 1)
Thb, b5 1oL SX 16 factor 1 & SX21 factor 2 D F /L — 7 (group 2) Té» %, groupl &



group2 LT D & EHICEBLEARY - RS TWEMN, S ODTRDOHF TR D
BHENI M OEEBNRBRITH D, RoiZ CaRSrIZHBELTEDA UV RT U v b
DRSO = 7= 7 < REEMEHGREIEE YRR S O TR A RBEZE
NBHHIHEBILLMSNTVEY, ZHIERb XK EIEIERIZ DA 42 ((Rb 1.48A, K
1330)% 602 LICER L SR SEERICB W CEINCREMES AL NDZ Z LI2L D b
DTHD, THERRT I RAICMYIAENRT WK & & BT, REHIZ Rb BAAD
T & TR R EICEE T 5. groupl TIEK-Rb DEF T MUIZEWHERESRZIT S
NBDIIZH LT, group 2 IZHEWEIXR S22\, Z ik group 2 BTERIAE 72 & DEEMEE
VUADRENRZ— 2R Lz L Bbh, 202 &6 group 1 & group 2 TIXEA
BRKIZ L ARFNOHBENTZRT MUNREZ—THBZ EBHEIN D,

F 72, SX09 2 7 HIZE EN TV = IRD (ice-rafted debris) DEAF X7 kL 3Z —1 & §X09
DEFRT MNRZ— 2T 5 & factor 1 & factor 2 DEESRDOKE INRLZ B,
WRE—UBEFTHL L TOLHEARZ T oD, IRD (BB AKREED O ERKKRIC &
S CEBINTZ, HDWVIKIICEBKRED S HLE L72KERIC X » TR KE» b b=
b ANTRERBEEm E STV, SX09 @ factor 1 & factor 2 DHEES LT EHET 46%
ThHd, 2O EMD, SX09 DRERMETLR DHEEND 46% 1R ERKEEREY TH D
TEMNRBREIND, FTZREMEER TERINS L7z IRD ORIFRIZ OV THEK R H TR KRER
BTHDEVIMERHVE, ZhbEE EROBREZFELTVD

Rz a7 BIORFRIEE£E, K/Ti ratio. EwEu* (Eu 7/ —=~ Y —)% Table 4 {257,
K/Ti ratio 1%, HEWOERLZWT 5 L TEERTY 77 #—Th D, KITKREEHZZHERK
T3 illite I22 < & F A, W Ti ik basalt D X 9 REREMEEIZEZLEEND, LEB-T
FIA 6 DOEHE D 2 . KEEHZRME 3T 5 & KTiratio I RELS 2D EEX IS,
P TY T A NORBBNERZER D & Australia (FKEEMEHIER O THE A FEOM3,
% D—J5 T New Zealand D B3liZE & L T basalt THERK S 5,SX18 22 T2 DWW T K/Ti
ratio CLLEAIRVMEC8) 2R L, RFTRICIZSAE I RIC 21 28 X 2 HEEY B b BT
b, THUIKREEDOF X FBZHBMICEAL WD T LEZRL TV, groupl
D SX09 b ELERIEVME 2 RIS, TV factor | DFERBN/NI WD THD LHE S
5, SX09 1D IRD @ K/Tiratio 14 10 8B 2 22~ L., ERROEBLRIZEHT 5, #HiT
SX16 & SX21 @ K/Ti ratio [ZLLEHI/ N X VWMl R & ) | KEEEEFERREHOSHE RSV
ZEERBRLTNA,

Eu7 /) —< V) —b iR 2&ER T 5 L TK/Tintio b ARICEER 7 7 7 4 —TH 5. (1)
RUZHEV §X16, 18,21 D Eu 7 / —~< YV —% RO, FEILROBEITIET A Y I KEH
45 (North American shale composite ; NASC)D & &l % A 72",

Euf Eu* = — 2B Bt ¢))
Sm/ Smiyysc +Gd/Gdyysc

Fu7 /—< VU —{3Ba I bIEEEE CTRVVEZ IR TH D, 2D LIiITAHR
TH EWEuw*Zx LT Ti CEEOHBEZEDL, K LADOHBELZE -S> L 2% SX o 7 THER
L7, SX09 /% Eu EEEMN d1.%2 FTEl- 727D RIZITR R0V, SX16 & SX21



DEu7 /—<V—liZ1 TV EHALNIKREREEELED, LMLSXISDEWT /—<
VST 1 & & BN H Y, BHEICHALNRERELTVS, ZDOEELPCA DR
RPOHEEINT-BEOMGH AT L2 LN TE S,

EEOMAGIRO BEP o EM E LT, o 7HRIUERED OMBRIER S, group 1 XK
Rtk DR DB Z R T 5 Z L b, Australia KFEENS ORMEBLZYLTH 5,
H I UNE DD group 2 i basalt DFEEEZ R ZITTVWA Z O EIME¥R, 7205 New
Zealand T DERTH D Z L NHEFE SN D, F7- SX09 IERMBKEED & OREFREEH O
HEERIZITTHDIEBSND, Thbb, & SX a7 2KBi 25/ T OEEH
B3R bR R (PRI TR DRELENC OV T, SX18 = 7 2E TILZE D 49%
M3 Australia KFEICER LT3, SX16, 21 a7 2ETIEZENEN 54%E 21%D% New
Zealand ST DO BN L T35, F72 SX09 2RIZ DV T It 46%DBItEKRED b DfE
FHEHCERL TS LH#EESND,

INHDOBEIZE > CEFEERBHREY 2 7 2R OEREEHORROHE &, O/
Wb DOFEEREZEERMICTMT 2 Z LN TE R, ZIUIIERDRIRHEE L, #lxiX
NN, YS1/%Sr 72 L OBEF O L ERNAIC X B IEHEEE, > 0 H—HHEE» S
ORPASTEOFRIC L Z2HAETROMEEE L L T, F—F & v MEHIOM X THEL
HON—F 2 AETHTEEOMMGIRICK LT OIS FRRICR D Z &0 b, R
REPOSAERRFETH D, ZORIAMFEOERLIYR—FF—& & L THAHED
MBWRDOT 4V R T7 74 FOELT—F OEAVEBEILRS LBbd, ZoOxf
SuERIIE L U CTEERORERDOEETICH V., ¥ 2 N ORIFHEEIIXE BRI 72 proxy
RV EBAEEHTHD,

Table 4. Variance of factor 1 to 3, K/Ti ratio, Eu/Eu* vs. each sediment core

Sample

(SX09_IRD) SX09 SX16 SX18 SX21

N=3 N=30 N=15 N=30 N=7
Variance Factor 1 48 26 54 49 28
! % Factor 2 31 20 26 9 22
Factor 3 - 12 18 7 20
K/Ti 10.8 4.89 4.39 8.33 3.34
Eu/EU - - 1.22+0.06 1.08+0.05 1.18+0.06
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Application of PGA, INAA and IPAA to geological and cosmochemical materials for
determination of major, minor and trace element abundances.

Naoki Shirai, Yasuji Oura and Mitsuru Ebihara
Tokyo Metropolitan University

Introduction: Chemical compositions of cosmochemical and geological materials are important in
discussing the formation and evolution processes of planctary bodies. Compared to geological materials,
cosmochemical materials pose several severe requirements to their analytical methods for chemical
compositions. High sensitivity and accuracy for as many elements as possible are required for analytical
methods applied to such materials due to the limitation of sample amounts usable for analysis.
Non-destructivity analysis for many clements is equally favorable. Nuclear analytical methods represented
by prompt gamma-ray analysis (PGA), instrumental neutron activation analysis (INAA) and instrumental
photon activation analysis (IPAA) meet almost all these requirements. Ebihara and Oura (2002) suggested an
analytical scheme to apply to cosmochemical materials in chemical compositions in order to determine a
large number of elements from a little mass of analyzed samples. In this scheme, samples are first analyzed
by PGA, which is followed by IPAA and INAA. In this study, we evaluate the precision and accuracy of the
data obtained by using PGA, INAA and IPAA. Then we demonstrate the suitability of this scheme by
analyzing the cosmochemical and geological samples.

Samples and Analytical methods: The Allende meteorite prepared by E. Jarosewich at the Smithsonian
Institution was analyzed several times in order to estimate the precision and the accuracy of our data
obtained by using PGA, INAA and IPAA. In addition, three geological reference materials, BCR-2 (basalt),
BHVO-2 (basalt) and WS-E (dolerite) were analyzed only once. Martian meteorites and cumulate eucrites
were received from National Institute of Polar Research, the Meteorite Working Group of NASA,
Forschungsinstitut und Naturmuseum Senckenberg (J. Zipfel) and Université Européenne de Bretagne (J. A.
Barrat). In PGA, samples were irradiated by either cold or thermal neutrons, guided out of the JRR-3M
research reactor at the JAEA. In INAA, samples were irradiated several times with different irradiation time
at the JAEA research reactors. Irradiations for 10 seconds and 1 minute were carried out at JRR-3 and an
irradiation for 20 minutes was conducted at JRR-4. IPAA was performed at the Laboratory of Nuclear
Science, Tohoku University.

Results and Discussions: Sixteen, 29 and 20 elements were determined by PGA, INAA and IPAA,
respectively. Our PGA data are in agreement with literature values and recommended values within 10%

except for Cr. A precision of better than 10% is obtained for most elements. Our INAA data are consistent



with literature values and recommended values except for a few elements. Our Zr, Cs, Tb and Ta values
deviate largely from recommended values and literature values. Zirconium, Cs and Tb have higher error of
more than 14%. These results are within errors of recommended values and literature values. Based on the
analytical data for the Allende meteorite, relative standard deviations for most elements are within 10%.
Compared to PGA and INAA, consistency between our data and literature values and recommended values
is poor. IPA A data for all samples are in agreement with recommended and literature values within 20%.

Zirconium and Hf have a similar ionic radius at the same valency states. It was well known that Zr and Hf
behave a similarly during igneous processes. However, recent studies using improved analytical methods
such as ICP-MS indicate that the fractionation of Zr and Hf in mantle-derived materials can occur (Miinker
et al., 2003). Zr and Hf often involve analytical problems such as incomplete acid digestion and instability in
solution. Our Zr abundances and Zr/Hf ratios for cumulate eucrites and Martian meteorites are higher than
literature values (e.g. Barrat et al., 2007). Cumulate eucrites are reported to contain zircon and baddelyite
which are resistant to most acids. Barrat et al. (2007) determined Zr and Hf abundances by ICP-MS and used
HNO; for sample and standard solutions. The differences of Zr abundances and Zr/Hf ratios between our
data and Barrat et al. (2007) are due to incomplete digestion and the instability in solution. Although our Zr
abundances are higher than those of Miinker et al. (2003) due to sampling problems, but our Zr/Hf ratios are
consistent with those of Miinker et al. (2003) within 10%. Miinker et al. (2003) chose a mixture solution of
HNO; and HF for sample and standard solutions. Thus, analytical methods such as ICP-MS suffer from
analytical problems. Our Zr and Hf abundances were determined by IPAA and INAA, respectively. As our
analytical methods are non-destructive methods, these are exempted from above mentioned analytical
problems.

References: Ebihara and Oura (2002) Advances in Space Research 34, 2305-2310. Miinker et al. (2003)
Science, 301, 84-87. Barrat et al. (2007) Geochimica et Cosmochemica Acta, 71, 4108-4124.
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Application of Nuclear Analytical Techniques in Biological and Environmental
Sample Analysis

B.S. Wee, Y. Oura, M. Ebihara
Department of Chemistry, Graduate School of Science and Engineering,

Tokyo Metropolitan University.

Introduction

Nuclear analytical techniques such as instrumental neutron activation analysis (INAA) and prompt
gamma activation (PGA) are usually used for multi-elemental quantification of various types of samples or
matrices. The use of INAA is suitable for determination of most of the elements except Cd and Pd while
PGA is suitable for determinations of elements such as B, Gd, Si and Sm with good sensitivity. By
combination of INAA and PGA about 37 elements can be determined in one sample. Quantification of
elemental concentration is normally done by comparative method which utilizes a certified reference
material. Due to the non-destructive and simple sample preparation, both INAA and PGA can be readily
applied for biological and environmental sample analysis. The problem related to contamination is greatly
minimized especially for biological samples. In this study, there were two objectives: (1) using INAA for
the analysis of chemical elements in nail samples and to understand the characteristics of element
abundances in nails; (2) determinations of certified and non-certified elemental abundances in CJ-1 by INAA
and PGA methods.

Materials and Methods

The fingernail samples were collected from 18 participants (male = 11, female = 7). All nail samples
were cleaned using acetone followed by deionized water (2 times) and final wash using acetone. All
washing steps were performed for 20 minutes in ultrasonic bath. After washing, all fingernail samples were
air dried on clean bench prior to packing in polyethylene bags for irradiation. NIES No. 5 (Human Hair)
was used as quality control material and NIST 1566b (Oyster Tissue) as comparative standard.

The reference material CJ-1 (China Loess) was prepared for INAA and PGA with JB-1 as comparative
standard. All irradiations were performed at Japan Atomic Energy Agency (JAEA) research reactors
(JRR-3M and JRR-4). For INAA, 10 s and 20 min irradiations were performed for all samples and
standards. For PGA, irradiation time was approximately 2 h for all samples and standards. Counting of
samples and standards were performed using high purity germanium detectors equipped with multichannel

analyzer. Comparative method was used for quantification of elemental concentration in all samples.



Results and Discussions

Through the utilization of INAA, about 15 elements were determined for nail samples. The results of
NIES No. 5 were within + 15% from the certified values for most of the elements. Element concentrations
in nails are a useful indicator for chronic body exposure and it reflects cumulative exposure period of 6 — 12
months. Results of this study showed that some slight differences exist in element concentrations between
males and females. In addition, the use of correlation matrix provides information regarding the
relationship between elements in nails. The elements Na and K showed the strongest correlation in
fingernails whilst Al showed correlation with V, Mn and Sb. However, some other element showed weaker
correlation such as Zn with As and Se. The element concentrations in nail samples were found to be
different between individuals due to living habits and nutritional status. The results of this study showed a
similar pattern of elemental concentration in nails to those of literature values (Takagi et al., 1988; Aguiar
and Saiki, 2001; Samanta et al., 2004) as in Fig. 1. The data from this study and literature were from
healthy individuals. Thus, a general trend can be observed from Fig. 1 that elements Na, Mg, Al, K, Ca and
Zn are found to be higher in nail samples compared to toxic elements V, Mn, Cu, As, Se, Sb, and Hg.
Individuals exposed to contaminations can also be reflected in nail samples as shown in the case of West
Bengal (Fig. 1) where the elements Mn and As are found to be much higher than the non-contaminated
individuals.

The analysis of CJ-1 utilizing both INAA and PGA was able to determine 37 elements including
certified and non-certified elements. The results obtained from INAA and PGA showed a reasonable
consistency of + 10% from the certified values. However, there are a numbers of elements not certified in

CJ-1 and literature values are scarce. Therefore, the rare earth elements (REE) are selected for comparison

Comparison of mean values for element concentration in nail with
literature values
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Fig. 1 Data obtained from this study are compared with those of literatures. Data of Brazil were
obtained from Aguiar and Saiki (2001), West Bengal from Samanta et al. (2004), and the remaining data
were obtained from Takagi et al. (1988).



with REE data of loess samples from China (Yokoo et al., 2004) and upper continental crust (Taylor and
McLennan, 1985). The chondrite-normalized ratios of REE are found to have a similar pattern with

literature values, signifying that INA A and PGA data are reliable (Fig. 2).
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Fig. 2. Data of rare earth elements in CJ-1 (China Loess) are compared with those of upper
continental crust (Taylor and McLennan, 1985) and loess from China (Yokoo et al., 2004). CI
chondrite values were taken from McDonough and Sun (1995).

Conclusion

From this study, it was confirmed that nuclear analytical techniques are suitable for biological and
environmental sample analysis. The results from analysis of reference materials were reliable and
reproducible. The fingernail samples obtained showed no sings of chronic exposure and were found to
have similar element concentration pattern to other countries. The results from INA A and PGA are in good
agreement with the certified values of CJ-1. In future, the non-certified values of CJ-1 can be compared

with results from other laboratories.

References

Aguiar and Saiki (2001) J. Radioanal. Nucl. Chem. 249, 413 — 416.
McDonough and Sun (1995) Chem. Geol. 120, 223 — 253.

Samanta et al. (2004) Sci. Total Environ. 326, 33 —47.

Takagi et al. (1988) Bull. Environ. Contam. Toxicol. 41, 690 — 695.
Taylor and McLennan (1985). The Continental Crust, Blackwell.
Yokoo et al. (2004) Chem. Geol. 204, 45 — 62.



19 I
R EE

FIBRER _[BAKZ HRPLHER REL4ERY K
K 4 = 6f % th

Epe =k

Petrology and geochemistry of Cenozoic volcanic rocks from northern Kyushu: Influence
of Philippine Sea plate on the subarc mantle composition
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Abstract

Northern Kyushu, characterized by the subduction of Philippine Sea plate slab with
different ages (a young Shikoku basin and a old West Philippine basin) beneath Eurasian
plate, forms a complex portion of Southwestern Japan arc. In order to evaluate the spatial
and temporal influences of slab-derived fluids from these two contrasting oceanic plates on
the subarc mantle, the author addresses the following two topics for discussion.

1. Boron contents in basaltic rocks from northern Kyushu.

The author determined boron (B) contents in basaltic rocks from ten volcanoes and
three old volcanic fields which erupted after 11 Ma until present. Since B is distinctly
concentrated into slab-derived fluids among the earth's materials, the author attempted to
estimate the spatial influences of subduction on the subarc mantle composition from the



interpretation of B data in basaltic rocks.

Old (11-6 Ma) basaltic rocks represent low B/Sm (0.5-1.3), B/Zr (0.02-0.05) and B/Nb
(0.2-0.5) ratios, suggesting little influence of slab-derived fluid on their source mantle.
Back-arc basaltic rocks occurring throughout the observed period similarly show little
influence of subduction. In contrast, volcanic products from young Aso volcano, located at
the volcanic front, show a strong influence of slab-derived fluid on their source mantle, as
indicated by high B/Sm (1.6-4.3), B/Zr (0.07-0.16) and B/Nb (1.4-3.7) ratios. After 6 Ma,
the volcanic arc segment containing Aso volcano is associated with the subduction of cold
West Philippine basin, thus B-rich fluid was probably added to the subarc mantle. Yufu,
Tsurumi and Kuju volcanoes located at the same volcanic front, however show low B/Sm
(0.9-1.9), B/Zr (0.04-0.07) and B/Nb (0.5-0.9) ratios. This implies that the subduction of
hot Shikoku basin released B-rich fluids from the slab at the shallow depth; thereby it
becomes depleted with B and other subduction components by the time it reaches the
volcanic front.

2. Temporal changes of the composition of magma source beneath Aso area.

Aso volcano is located on the volcanic front of Kyushu arc. To investigate the temporal
changes of subduction signatures, we analyzed B and other major and trace element
compositions in volcanic products which erupted since 4 Ma in Aso area.

The author grouped the volcanic activities of Aso area into the following three stages on
the basis of geochemistry of mafic magmas. 1) 4-3 Ma: those of High-magnesian andesites
(HMA); 2) 2-0.4 Ma: those of Adakitic andesites, Island-arc-type andesites and
high—alumina basalts (HAB); 3) 0.3-0 Ma: those of Island-arc-type andesites and HAB.

The ratios of B/Sm (0.4-1.0) and B/Zr (0.01-0.02) in the HMAs are significantly lower

than those of the HABs (1.3-5.0 and 0.06-0.17, respectively). The B/Nb ratios in the HMAs
(0.1-0.2) are similar to those of the mantle values (0.05-0.5). On the other hand, B/Nb
ratios (1.4-4.0) in the HABs overlap with those of basalts from cool subduction zones
(Kurile and NE-Japan) where fluid-induced melting of the mantle wedge dominantly
occurs. The existence of adakitic andesite probably indicates the subducted slab was
partially molten beneath Aso area between 2 and 0.4 Ma.
These observations probably indicate the progressive metasomatism of the magma source.
This temporal change was probably caused by the addition of fluid-flux to the mantle
beneath Aso area which is associated with the initiation of subduction of the Philippine Sea
plate between 4 and 2 Ma.
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WHALRETRN 270 2. FEFREZAERERTFHMEREFEEEDIRR-3. JRR-4TfTo 7z,
BHEHEO r BAERAEERAYRIE Y —, BXOBARETHHEHERBEEOGemHE TIT> 2.
7 %:13316.5keV D1%4r, 328.0keV D12r, 645.8keV MD180s, 129.4keV D10sZRIEITHERA L
7z, BBLE & BiTcalibrationiR#E & U TRATHE Espike DIRBHEEZ =N DH DOREERAE 2
ABCARETCHALTETRERE 27072, T RAECL>THELNEZHERELL S
natural/spikett & 710w k Ucalibration curveZ#i&, Tz H I RARBOFERELLNS
BHTEOSERZRDZ., BUBRLAIERE &L T, 56 EEHKE O IP-1(peridotite)
JB-1b(basalt), JG-1lap & XIG-3(granite) ZH W /=, T 5D DEAEERE. JB-2,
JB-3(basalt). JA-1. JA-2(andesite) 3 L VIG-2(granite) 2 E 19D B E T DIr, OsDEE
=fro 7z,

(R L E%) JP-108 VD ELAIE T, AP Z &iTnatural/spikett 22X THRE—DEERM RN
BoNBdZ EMNE, NiSfire assayFICRIMNAEEEZR TVWA I 2R LZ., EEMRIX
[Ir]=2.97+0.28(ppt, n=4, 10), [Os]=4.07+£0.45(pt, n=4, 10)THY. BRMBEL{LIET
LEHARBEZFZOHFETERTERIENS, NiS-fire assayFFIcKROA&E TR EHRMU R
WERENR ENEMAEEEZRBR LI ENERIN, ROOEAEERBICBIT 2B VR LHAIE
DFERIZIB-1b. JG-1a, JG-3FNZF153.6+-39.2, 7.3+£3.9. 13.3+2.3(BALidpptTn=4, 10)
THU, JB-1bTEMNZVIESDENDHBDHDD., AFECBNWTEGHRETORMERBSEITTR
DEEMNTZD T ERHERIN, 190MBHEORIEICEL T, HICBNRMEIET OREEHs
WIrgBENY16.2-33.9ppt & ESBRENR SN /=, fidDegranite & bR THRS-10EE WHEHTH o 7228,
COBBELTUTOZENEZEZLNS, DASMOERICIVERMEOBETHAL AE - K
ANWEREDREBT D CALELENPEINTCZOEET /YA MBREEXTERL
7 AlgElE. 2)Palme and Walzka(1976)/2 & T, BETROEEHICIRXASETRENAESE L LU TRE
LTW3a XS RinclusionBEET B 2 ENHMEINTRY, TNNEAORE T TICEELT
WA EIEEM, 3)Ishihara(1977) TIRIRHEHEDRE & U THRER TREL /BN LHBE
THEELIRIBLUTTERZEBEL TWANFORICHSKTHENEREL ZHBEHEERIGLZ
WJREME, EMNEZEN D,



= v r VAL fire assay iE & W2 RGLAEFIR-ICP-MS B2 X 5
ARREFOBMERSKETEOERE

FHILFEPEE Hf NET
<FU®IZ> ALKETE Ry Rh, Pd, Os, I, Pt) [3BREE 2 FOKE T3 BRRE ThFEah
EETTRER, a7 ~NBELLLEZOLNTVS. IS EE~Y M AREOBRERBICEWT
HEBETRIIEBLTEY, BMELRALKETRE SN T D Z LI X VAKYME OBERA N MM
KT AEWEEZDZLNTES., LALIDLIRREBPOLALSELTRERERI 9T
B~ M) v 7 AN BT R e DT ALERDHD. = v I V-Fift (Ni-S) fire assay
BIZT VA ) BREDO— 2o TH Y, BRFPOHABELREHT T 5BEORNEMEED 1 & LTH
WHRTWS., ZORECBWTERDERD THE 7 A BEMEIIRA 7 7Piihlish, B&
BEHFIINI-S E— X TBET I, BRAOHRELEASKETROMHENRR TR Z &N
T 5. Nishino (2002)" 1% 0.5 g @ Ni % VT fire assay 1T 2V ENAEFIR-BEFE S 77 A~E
B (ID-ICP-MS) I E VAR L UVEAROBHSKRTROEREITRo72. TOHIET, S
25 20 mg DB ASKTREBEOBVERZMMT LBWVMERB LN TVWER, & 6ICERE
OB EDT AT L VEWRET S 73RO o5, FBRO L D REERFHEFHR
BIODICERATE ARBEBIIBON TRV ZL OHE 1gLTTHD. LnLIDk ) ilE
BT 5L 2R 0NIE (<05g) BIOT ALY @AlIEE W56 O fire assay TDIT
FOHEBNZ OV TIT L L Do TV, BRFFE TIEE 3 Nishino (2002) DBIEIZESEERD
BEOEAEEREE AV TEREZITRY, BONEEEME» O UMRETORERN LIS N
TEDHEOTMEIT o7, EHITEVDRVNIRIE  (0.0625 g) %AV /- fire assay £ &
N Os DEEBRIEORIHIE ST, EROBRIEZHB L, BAREH O IV EVRE OBk
ROERBZITRO>ZEHZENE L.

<ZBR>

Sio,

2FFEENZ 1) S U D LRI IED T

— =P —ERL LI
Nishino (2002) DFIEIZESE 05g D NiREEZA W TEAE BRI 7
#estkl (GPt-3, GPt-4, UMT-1, WPR-1, WMG-1) % fire assay $&fE o TROH
I & BT L(R 1(a), BONNI-S b — X &M LE (K1 l: N0, N0
(). ICP-MS i & 0 RERIES KGR ERIEC & 0 R e

L IRBERFT.
L BDHAIEE S TEHE D fire assay FRIEDEEFT

AR5 Ni-SE—X /

(a)

. |—
() HAHE b L— VR (kR 70 B, y RERLE T
—: 316 keV) AW TEIEERTTR -7 (K 1(a)). AVWERAER \
FURKREEZE 1 IORT. Bohkt—X% y BRE L, fire %358 ®
assay BAEIZRIT BINEEZ RO T B &R TR
— 30%H,0,
B -— 12MHCl
(i) E725REE L UEIEZHWT fire assay TR, & INBAAR
b7 Ni-S E— X2 EEFHTRN LEATO I OERZIT Y,
BEH

Toot-.  EFREIT B ARFHEEHSEET JRR-4 Pool T 12
BT ARV, ZF D% vy BREIES LEBIEIC L Y EEELZ KD,

&1 RERERME



<SERBLOBE>
GPt-3 DUERIEIC & 5 B BAERZ R 21T R Y. PAIC #1 Fire assayiB{EIZ AV BEHB L VR

W, AB 1 g FRAVWTHELREZERME (6.67£2.25 gﬁ }Tiiso “0”‘1";‘ Ni;*zﬂ(;oogog%
ppb, FRZEIIERERZE (lo) 2FT.) TIXIRIEE L Lt SiO, 0.125 g lg
SRREVMERE DN, 5 g ORBEDH LIAERRIE 1200 g P
EIZIEVME%R S5 Z LN T&E 72 (4.80£0.16 ppb). 3k Ni 0.0625 ¢ 0.5¢g

% lg VRS IIIRMET T 7 0BFE (10%) B > L 038
FOBRERDOIESFA AL 2O DBHEDEL (30%) ”j%ﬁﬁﬁgz " Gpr3 |
BREL, ERBEICHEBLZRIELZEEZONS. X 16 f ' :
72 OsWED B2 S GPrd & WMG-1 DERFERO—H 14 [ ]
2% 2 IORT. BEICED LT Os OREITHLBIIE 3 1o | :
, EREICHELDENAOLND. WMG-1 Dk kB & ﬁ o ]
URu EEFEREND, EREICEIVE+ ng/g DIBEL X os0 | 1
U OBRBHZBE L TIIHBENR EEERB  Z 8 oo |
T&%. GPt-4 O & 5 REEREWREORETIL, £ . ]
BOREZAVEDS LRNRBLUEETS 2 o 1 me R b P
EZRETDHIEICLY, BWMERFLhLEEZLN 2 GPt-3 EEER

5.

K2 YRR TORROBEICI > TN S EERBTOHSETEOERE R e/0)"
Os Ir Ru
FEEfE RSD [ux™ EEIE  RSD fux™ EEfE  RSD Iy=x"
GPt-4  Thiswork 1.86 033 18% 17% 859 +1.19 14% 58% 222 025 11% 73%

Certified value 2.40 +0.60 470 £1.10 2.50 £0.20
WMG-1 Thiswork 263 £6.5 25% 11% 528 +£0.3 1% 60% 313 £0.1 0.4% 69%
Certified value 24.1 £3.5 46.4 + 4.1 347 +£5.1

TREEIIMIRLERICHITBIEERE (o) % T (GPt-4: n=6, WMG-1: n=3).
** B0IRLUERIZE > TEONINROEHEEFT.

L BDFHFEZ S fire assay FRIEDIXE & & &1
k V“"ﬂ““%SﬁGC £9 ?% f‘onklll?“#%:ﬁ 3 (CI"T‘ %3 Fire assav}fﬂ{’ﬂli:?b‘)‘élr@ﬂl% (%)

T AW N REEICEDL LT, 90%a1# DR FAVVNI RIEE
PBAILNTEE, FREERARABEAVWT 0:8 0-2’5% 0-0?5%
n

fire assay BIEZ1T72\, T A LOITIC L - E 512 713 017

TEBLEFRZFE 4 ITRLE. EEMEIT fire Y EEIEERE (o) X 5T
assay BREIZIT DUNERMEZITR > TRV, )
STRRIEIC Y MEAS8 BTz Fire assay B{EC Ay RLE_XOTM FROHEAIES ORISR (e/e)

_ ‘ vl AR X &g Ir
HRHEE D LEGAIZITRBORELRE .1 1009 ¢ 0% g I 00
ARSI ED, BONCERMENOAERS lit. 3.31 +0.22°
HETIE 0.01-1 g DRBI A +HDITHHT B2 L BT FC-1 0.1029 g 0.037¢ . 3(;23 ﬂ::tOéi
Xl BEZOND. 51T Os OEABERIEICOND Allende  0.013% g 0034 g . 833d:§
THERHEITV, WR L7 fire assay BIE LM ED . lit. 742 99!
B CEREEREOSEZITR Y FTETHS. RETFERE (o) 2R T

References: [1] T. Nishino (2002) Master Thesis, TMU., {2] Shirai et al. (2003) Geochem. J., 37, 531_,[3]
Gwozdz et al.. (2001) Geostandard. Newslett., 25, 159

— 80 -



FAMREE HED FEA DALFMEK AL RO RIRT NV Z A SORE R E R
BERFRERERE TER R FOEAEFER  S/HEED

[FFim] HINEA Rea—0F534 NERORF A AT =) A4 b (HED) FBRIX. /INKE4

Vesta HETHDHEEZEZONTWAB KA TH S, HED [BRIZ. KIGROFHAELIBIRIZ D
WT, EBELRBEREE L TNBEZBLONTNS,

B LALFHROBANDS, 22— T4 MIERERIE L FEERSRFICOESNS,
FEFERIED—7 T4 MIZ LICIHERE L (Fd) =—27 74 NI 5,
P —2 A MiX. main-group. Stannern % - 7% U" Nuevo Laredo % A 7 OH% 7 7 N—F
NoRA, TNHIRFEICHEYZOEmN LRINCDEINT, T b DI FHI 2 LRRMEIX
HED BREDKFIEEBNIC IV AL B DRDT, {LEMBENEFNICESI 1T T TH S, W
BILHE, ®ICHIFLE (REE) OFEER, HoBRmeiEasbo £ 5 i kKBiEghoiaiz
TRELSEELZITD, TDOH, HED [BR?D REE 2&THMETHEMRITIZN O OEE
BT AR EER L, 2 TH, 22— T M FAF VT A MORELEZD
NTWBRTNT A N OMBITLRMBRITIIZRENE LT D, AEFRTIX 11 B OFEEE
HED FERIZOWT, FERUHMELREESTEL. BONxHMARE AV, SHFEH
B L LR O BEMIZ OWTEE TS, FL T, {LFHEENO R T ILZ A RO
BERICOWTEBETHZ L XERNE L,

[FREE DHATEE] AR TIE 6 @D =—27 5 4 b (Y-790260, Y-790266, Y-792510, Y-793547,
Y-82082, Y 981651) , 3D XA AT =4 b (A-87146, A-87147,Y-791000) , 2EDKRD
NEA R (Y-790727, Y-791208) %R\ T=. ZN b DA FOTER OETE 2 RaHby
M (BN3E y BROHT, 2R PHETF LA, BB ETHURESHT) C, #8M7 REE f77EE
PRLEODBELRFFEEE TSI AEESNT TENENERE L.

EREE2] (1) ZBEAOFERUEITLRIRIC L 589 F R OL R R
Fig. 1 (22— 54 N EEEERVIHEE

A RFICHFETE 5 Ti0, vs. FeO/Mg0 % _
R, FERMSRROMEIL, B RES  12] |0 Db
TRFEE LB mg THREMTOND i
main-group % i/ & LT, Nuevo Laredo & Y793%47
Stannern b L ¥ RIZIAR 5, AR THOHT
L6 20— 74 hD5H, Y 981651
DHADPEFEEFLEZEZOND, 58D 5D
D2—7 54 M Fig. | CHEHE—

14

non-cumulate
eucrites

;J' _Stannern-trend
° y o

Y-790260 =<
00q

howardites I
[ °

790727, ° I
Y g . U YeRMe51  Y-82082

@ v-;m 208 |cumliate

A b OFFEINIE LT, 02} "B yamioo  |eucites

Fig. 2 1AM T434r L 72 HED &A@ CI 0 . " A8T146 )

chondrite THI#&(k L7~ REE fFIEENRZ— 0 2 3 4
FeO/MgO

Thd, thkold, REFALRIFERTIE
FERRER DO/ Z— b EE D, Y-790260 &
Y-792510 1%, Ce 2%, main group =—7 74 b ® Juvinas & L <FHE L7 FZ—0TH
77, Y-792510 i%. Fig.1 T NuevoLaredo hL'> FETH 72, REEGFEEL TIGFE
I% main-group DEEPHIZ A D, Y-793547 1% Fig.1 T Stannern k L' K EIZALE L7243, Zhid
Fig. 2 T Y-793547 i Stannern (ZFE{L L7=/F — 0 2R3 2 & & —8KT 5, Y-790266 DEV

Fig. 1. HED B8 @ TiO, vs. FeO/MgO,



REE F7/E %X main group =—72 51 hD%* —o— Y-793647 —>— Y-82082 - - Stannern
RESEUTG, e R s | HER it H
main group Z— 7 74 FOFEN LYV A LM

(2, Y-82082 i Fig. 1 “C main group =— 20
774 FeBbnan, FD/RF— 2T main
group 2—727 74 FDHL O EFEL LTV
VY, BEVNREE 28, Ce DIEDRE A 2R
b, BALEbDEEZOLND, BELL,
ZORFBITHEBRETICBIT 2Bk ETo
BALOEBIZIVAELELOTHD, Y
981651 IX&EfE=—27 714 F D Moore
County &l L7z/"% — 2 % R L, Y 981651
XEEE2L—7 T4 P THDHZ L ETRRL
TW3, ZHIEFig 1l oONEE T 5,

AT

2 DODEAF VT A4 ~, A-87146 L 3 Sl
A-87147 13 EAHICFA U REE GEEE 28, = N/
INOOBERAST ThELIRENE. = [
no 2 DOFAF 2T A hDOARZ— 0T LaCePrNd SmEuGdTbDyHoErTmYbLu
B2 A F T =F A b T 2 Jownstown
OHLOELELLTWS, ZhiCx L,
Y-791000 iZ = 6 MBI 4 A AV = F A
MNEIZBRRBENRF—VER L, ZD/RF—
ViZType B LBEEND XA AT =) A I
H o, FEFTLEOHEDD S Y-791000 iX Type BIZB T2 £\ 25, A-87146 & A-87147 i
—WRRFAF T2 F A N TH B,

2 ODFTINVEA b, Y-790727 & Y-791208 (3L L AL FZREEE TR L, BE LT
ThHdETRBENS, Zh 6D REE f£EEIX#\ REE Il CHEMED LTEY ., Eu lZE
DREEEFED, Y-790727 IZiX Ce ICHIEDEER/RL, ABRE T CORLOEEE AT
WBRREMEREZ 5N 5D,

-

OW & v O NPEO

-

—0—Y-791000 —T— A 87147
—=— A 87146 -»— Johnstown

00 SRR NN S |

Sample/Cl chondrite

-

Fig. 2. Cl 2> F5A M CHKEIL L7 HED [BRF D
REE Z#EENRF—. (a) 2—7 54 k (A) &£&HTU
NEA N (B) OREEFHEERRFZ—2 . (b) ¥4 4T
=7 A MO REE fFEE/F—.

(2) RUNEAL FORKLERESE
INETOMRICEDVTEREROESDABLVITEL LTHRINVL A S OHEYFER
BERVIFAMOEERLRICL > TITONTEE. LI L, B DI TR MNIZNERE
v A 7 ufEEL LTREHaY KA MEDAKBONEEN TS, £ZT, KUV
A MPDI FANTREBRLEZIN—TERRTEXLBEAZHAV., MELKRTEZHEMEDOH
% REE OEMNOEREZDEIEEZREL Y. "UNLF A hD REE FEENNF—OFR%Y
R4t Y-791208 DO/RF — L B EHSHITTNB 0, BEFLICETEEX, BFu EOY—2 K&
RELV~NVCIX3-5 DRTH D, ZHIEBEEFED2—27 514 hE Type ADFA Y
zF A FOMBEDLETLILLKBHRTE, MMoMAELETIZE LY., ZORALEAWE
FEILFMBIZTETINAVZ A b Y-791208 1Zxt LT Ni, CoEDHBETLHRITIRELL AR LT
LTCWeholel, ZOMOTEEITEILS—H LTS, ZDZ Ehb, REE OXF—h
LOBREZORELVIIENTHDI VWA D, BSTEDOEIT. REEa L FI4 b
EDONRBONEBDORINEA MZEENTWAEEDTHY ., ALELER L OB
DBWTREANVDZ L THARRD ZBROIBIFTE S,



Rk 19 & R i

SFE)I| & £ DIHIT I B BRI A
SRR B IR R
BESTLFRIgEE B

(X C DI ] FAAINIAN 2 IRk % 72 B TR &, 15ER3HETe Z L bl e o iz,
% Z THAR AT & LTI TH 2 LB 2R, [RESKEOSITEITH Z & T,
I ABEFEDEIC L 2ZBOMMIET5Z L2 E/RME L,

AT TIIZE)IAR L XMOBERICEE L, ARUMEBHSTIHSEOANLEIEY
BIZEPAWEDORLIXHREHEITRATL., SB)ITERBRICE T, MBETE
BN REE, BRIFLRIFLKFEELRAETHZEBMLN TS, LirL, FF
WEICBNWTIE S DMELOFELRWED, FBETICEHLIBERTH S, i1+
RREE, FEYESRIIEER L THREEZITV., TRODOEFTERBEICEDEREDOERN
Ronzanzsontr, #HME L,

(5] HEsEHC B Ui, B Rg. PHTHERIIZR v RO (PGA)RBEER P TR
LA HTANAA S OSHESHTIE. CN a— S —52 RV EEIESITICE 2 TROER
24T otr, ERANIAREHCBEL TR, A4 s a~ b5 7 4 —(HPLO%E % HWT,
oA A SAFHKPIEEENTOHRBELIFINE LD, T L THEETORE
ERBED, BB A ICER L TCEREITo 7,

(R - B52)
ORRERCKEI@ICBN T, —ELUEORIXICELTOA, SHEBECTREIN-,
QFBYRRBE L, MEBERA AL OEREOHIC. ADHENRONTZ, ETHERA A
HALA A THREAL LIRS, HEMAZECERCERS LT\, (E1)

# 1. PGA - HPLC # A\W= S O E&EfE L il 1 A > OxtEfth A 4tk
FREUIS P AOMSOER/km  FEX/ecm  S/ppm  SO*/CI

INMEEUKIE 56.0 3-6 <500 4653
6-9 <500

SEFHNO 50.2 0-3 <500 5.424

B 485 0-3 <500 4.251
0-3 <500

EN O 36.7 0-3 <500 1.238

REIBERER 26.8 0-3 <500 0.8015

mEFAMEL 134 0-3 <500 0.9410

KENEE 2.6 0-3 <500  0.08928
3-6 <500

6-9 2.25E+03
9-12 2.34E+03



GOZFU DN TIZ. BB & DAFHLAD B~ E m EROHLS T, SR 5T L,

Dk Y RBIIVTIEFEETAMThI T, R CIERMEETIC £ 0 B4 LERibAR
oS PR EHE L TEEPIEEL TSI ERNEZX NG, ZOERE LT, &#
MOEBIMERER LT, FENRRECTHE O, FEETEOLE N ELELE
BChH L IEESND,

@& Y PRI CREA A L BB SNEM E Z 2 b NBROBR b, FRESETD
R % ERAITTRT 2 L IR P22, S D B T E NG L Rl
BWHRLT., MENIRETF->TVBI R RE LTS L ELbND,

BN, PREICEV TS, EEAAEF SRR, b L < ERBRK OB T X
NiT. BB OREY ERBMITTRT L AT B RN ATIR S,

F 72 PGA (TRW\T S ORHE A 2T, EEIC I T b IR Ol S AL E
TOTIMEBED S A ERTES, LoT, EEROMLBORENESICRY ., MR
DN Th, &0 ERICEERMETE B L5 A5 LBREND,



K EFHHEOWTIEIC L B RRBIRL P DIREDER
HRES RFHERLER BR X

[IZU®ic]

KREAPIZEREL TOBRIFD D B, Kk 10 u m AT QR F 22BN FH'E (SPM) & FES,
SPM @ 5 b 22K NFEN 10pm TR L 2.5 u m BAFORFiZ, #h 2 PM10 & PM25 &
FEIZI D, PM10 KL FITRER SR ICEREL RITTZ LAMESNTWD, BZTE, PM2.5 KL
Fit, HOBREITEALILET 5720, MR F L i U CRBEZENKE WD LKEAR Y
TOEZRFAENLHAOMNIENTZZ L 2 EL BRI TThILTW\W5,

SPM D EBELERAD DO E DITRFE T, RBEDITERIZIKR L BAEEKE (0OC) TK7)
Eh, 2O HLEBEREOIZEALIIMO L S xR RE (EC) THD, OCIXBRISEFIR
RALKFER, ZO= b afbFEELR PHEHIENOESER T L L THREIh 2 b0 L, [URREH
EBHNERE L CREFL L bonRd 5, REEDESABICEERMEFRELZBH AT
B0, HMLFEOMBIITATH D, —FH, EC 3T 4 —BArx= U PUEND OPEHKLF

(DEP) OXEZRRHTHY ., ZEEBFHMAYN EC R TIZEENTHEHEIN D Z 03B\,
OC L ECEAMLERTSHZ L. SPM ORFERLEEFELEERTILETHEFERETHD, — &
IZ0C & EC O#TiE. M OERKIBREOZE2FA UL BEBAMEIC XV ERTIRFEDZ.
TEMEIRBERLAZ NIEB L THIET S Z itk viThhTWwa, LarL, OC & EC O4BEHE
EBiZoWTik, IREICEL > TRENREZR->TEY., Hi—INEEREHER2,

ARFZEE TIX, 2002 EEN S NEFHICTERE L PMI0 K F+ 0 OC £ EC X3 L722v 4
R%E (TC) BEL BT HURELOITEE IPAA) ICTERERITo T35, 2 T, A Tixk PM10
WM Z 8712 PM2.5 OFE BTV, IPAAICE Y TC & EC ZFNRFhOEREZ AL,

[3=25]

OC & EC O BERER2IET 57, EXEMHE NIST1649a (Urban Dust) & iEHER (EC 53
ERRS) AV, KRR, ERFEKAT COREENT L IPAA 217V, HBHEE L ERIEZRE
L7,

NEFHEHBRFFT 8 SR LT T PM10 KiF & PM2.5 Ki+% A —[ERIEHEMET 1 L ¥
FiIzi##E 16.7 Vm THEBREE L, ZORED TCIEE L EC BE 2 XETFHEHMEOITIEIC
FOEELE, TCLECOEX®OC L LT,

(R - BE]

BMEBSTOBREEZR 11277, OC OHEHEE & LT 350°C—600°CHMEINLTVD, &M
RIZ400CA2 B2 2 LEHENBA L2 &5 350CEH OC L BEHEE & Lz,

2007 4E 3—12 B IT#4E L= PM10 & PM2.5 ® OC & EC 0#EE%#X 21277, PM10 & PM2.5
? 0OC, EC £z REL LB LT3, 3—11 A DEEOFREEZX PM10 @ OC 23 3.8 g/m3, EC
23 3.4 gmd, PM2.5 TI3FNFh 3.1ugm3, 28ugm3THY, 8 » AMD SPM #D OC &
ECEBEIZRBE Ch 7=, £7-. PM2.5 TD OC, EC BEZ PM10 @ 82%., 84% CTdH 5 DT,
SPM FORBOKRESH PM25ICEEhTWB EEZLND,

12

10 e~
# 40 - NIST-Alr—"", 2
A) -50 | ~
~ _ \ \ B
o a2 :
LI I \\
-90 N
-100 s ' : :
0 200 400 600 800 1000
Temp/°C 38 48 5B 68 7HA 8RA 108 118
1. NIST1649a, TEMEROBERT 2. 2007 4ETEE L7- PM10, PM25 D OC, ECHEE

£ : PM10 % : PM25



Tafassasset fBA O FE K O E T E R

BRARSL R FHEEH LR BT

HItoic]

FAEREAIL. KEBEROEICER SN TR, BRTH5Z &< ay FA— LV E2RFFLEZE
FHREILEST a2 FF4 b & BRIEOBRIZ X - Tr 4 BEE & &RBR-FibH 05503
B, ML LE Tmay R4 M IKRELSHSITFoNnB,

AIFZEDORE T D Tafassasset [EAIL., 2000 FiZ =Y = — ViEfEOME THERR I N
FERTHDEN., FOSHEITEFEE - TV ARV, Bourot-Denise et al. ™ X, ZDOFEEDOH 5
W (Taf-Paris) (2825 2 R— /L OIFLE & BERRINLAFEK D> & . Tafassasset & (£
FRL7ZCR=2 FTA b WL, LoxL—F T, BlOW R (Taf-Freibrug) 12351} 58k
WAL & . Taf-Paris, Taf-Freibrug milt i D25 L FRHRK (A1/Mg Eb. Mn/Mg Eb, #EZEHE
TEROGHE) L V. Tafassasset ZAXNAPBERTITFFA M 285 H BP0

Kofblr (WRIEYZR) a2 R4 bepfblizma R4 Nl bEORFEER L., b
BOPRIINIET D LE X HL5 Tafassasset DL 5 READILFEME L ZE8RT 5 Z &%,
BREOHEMBRICOWVWCHALRERZTTO LT, BICAHTHEEBEXBND, £ZTA
W3t Tld . Tafassasset A D FERUHMETREZERE L. {WFHEM EOREEZHL NI L,
ZOGEDOBRBEZELZT LI L2 B E LT,

[EBr]

Tafassasset fEA DD & - 7= 2 D D F{L (Tafassasset, 21 (425mg) Tafassasset, 22
(662mg)) DEXERUMMETLFR LY. H AR FHFEBRRBREEOHZEHIEFIF JRR-3M 2 AW\ T,
EN%E v BROWTIE E BT REHESOITEIC XV BB L, BIE y BOWTIX, 8% 3K
MIRE - BIEZ21To7z, ZO%. ZNOHEHERICLT—HoE L, Bt o i (10
FORRE) 21T o 72,

[REREBE]

Tafassasset, 21 & Tafassasset, 22 |22V T, BEMESIEIZ L - T 18 5% (B, Na. Mg,
Al, Si. S. Cl, K, Ca, Ti. V. Cr, Mn, Fe, Co, Ni, Sm, Gd) DEEMBEHLN, HdN
EREMEE. KBEROWEMELEZ LN TWVWSCI a2 FI4 FOEEMBYCTREILL., CR
2V RIA N TITFFTA NPOTRBEDEE L b 21T o 7= (Fig. 1) . BEhDITHRIT
EhrbBARxR, R, BGmROMEIZIE~T-,

Tafassasset, 21 & Tafassasset, 22 {Z. BV B =ML THBIZH 030 53 Ni & Co D

MR KRERBEVRRONE, ZhiE, ZOBRAOHKOARE —2KBRLTED .,
Tafassasset, 21 {ZEb-_T Tafassasset, 22 DA AN EZEIFEFELTWVAINLTHDEEZD
D Ni & Co UADIRIZE L T,
Tafassasset, 21, Tafassasset, 22 & % 10' [T T T T T T T T
IR 2V KFA FeTFFH A Ml | o Tofaseaset s | '
5 OTERMBEN M 72 F — 2 & RT | o Rae
ZEBbND, -

414 . Tafassasset [BATP DO B &R
jt# (Ru, Rh, Pd, Os, Ir, Pt) %,
NiS fire assay {EZ#MA A O R
AR ICP-MS X HWTEERL., £
DALERE BET 5,

22

10° |

Cl-normalized

[1]Bourot-Denise et al. (2002) LPSC XXXIII,
#1611. [2]Zipfel et al. (2002) MAPS, 37
A155. [3]Nehru et al. (2003) LPSC XXXXIV, 10" L [UE S N R | X :
#1370. [4]Anders and Grevesse (1989) GCA, 53, Al Ca Ti V Mg Si Cr Mn Na Ni Co Fe S
197. B1ClavkFS4 b CREELETRBENN2—




A FRBA Dhofar 1428 D ILHEAEAK

RS RFHERCFER BR &/iG

[iIzUsic]

BIXKBREBROMICER S, #HERR EORE L R TRITKREFVRLT Lz
O, BERYROKBRIBOEREZ LBRFELTVWELEZEIOLNTWS., 2070, ADElLE
fREAS 5 Z LT HBRC KGR DA E(LARZMAT A RERFERLVICRD EHFIN TN D,
B OEEMI L2 TEEE L Apollo & Luna DAERERLLVELRONZADAIZ, AOIRE
FED T —EOHIR T LARBREN TV, 2RI L, ABRIZARKROD L 5 HkH
BRFLTWVWBEEZEZLNTWS., ZDZehb, FL2RABRRESITTHZ LT, I ALK
DIEREED Z ENAETHY, ABRRITAOEIBAREMIZLICELEABTHLLERD.

SRR SO RMERDOE VNS, ABRAIIREL, “U” L A oZollamEIhTwn
B, U 1XXITHER, T ANBRY Fe, Mg ICEATEY, “GH” IERBRANLRY
AL Ca IZEATWS LW RKEBRHD. “BH” ORI, Z0I3EA Y2 THERL RERD/NT
NEF--ABESTHD. -, U L B ORIPBEAL TSI LOLRERINTNS.
Xz, K, HTETHE P S RAICEEL T 5 KREEP & LT 2 BN EROFED
BEREINTWA. ABROSERTHEMREZE D Z Lz OEEEA OB OFIICHE A
ThdrEEZLNS.

A BEHR Dhofar 1428 (X 2006 A~ — 2 TRAIN, SPBEICLI > TARMBEETHLZ &
WRENTWS 'R, HEZOMOFEMITRE SN TV, 22T, AR TITAESA Dhofar
1428 DEEME A HE L, ZORERE) D ABESA Dhofar 1428 DILFERIFFEEHA LN TH I & &
HegE L.

[325%]

E AR bRt S - AREAEE Dhofar 1428 (£& 363 mg) %, HART AR
B JRR-3M (S TEBO I SR y BOWT L. ZOBHFRILL, —H 5 (4546 mg) L THE
BT REEOTE (10 RN) CRRBREOEREZITo .

[FER L E5) 25

EROMFEICEY, & 11 TREER L (T ]
L, UTFORREE:. SR P ]
Si0, (46.1), TiO; (0.20), ALO; (28.7), 20| : -

Cr,05 (0.10), FeO (4.6), MnO (0.06), MgO
(4.7), CaO (16.1), Na,0 (0.34), K;0 (0.06)
(Wt.%), V (0.09) (ppm). K IZEfLOEE
LR ERECRESHATREMERDS. B
Q
o

ARBRARIITHEMEE»D, ARDO XS
Fe & Al OSHEIZE > TRRERNIZH
HTEXHZBbhro TS, ZOXD
%, Dhofar 1428 X ¥R 724 D B
“EH” BBRETHDHIEND o, [
DFERIT, ThE TIRBRESN-GYE [ " b

Dhofar 1428

BICKIHE  2XFHT 2. N T T A T T
S%1%, FEETEE Th U OBED 5 10 15 20 25 30 35
EBEZITV, T OMEH bER ORSA ALO: (wt.%)

% LTWFETHS.

X. HFEEAF D FeO & ALO; DEEFE
Reference: 1. T. E. Bunch et al. (2006) 69 Annual Meeting of the Meteoritical Society, abstract no. 5254.



BAHEZZR P B L AT K 2B BRE T O U v O E B O BB

RS R FZEERCER EE B
(XL i)
VREARIFETDEELRO— DO THHINZOEFEIIE ., BADOBEILICFDE
FEIZRRY, a0 F74 P TBLZ 1000ppm, JG-2 (FEREA) Tid 30ppm ML F LAVEE LA
W, YrOEREE LTINS X BN, BFRAEDH. BEEE T T X~ FRFRNILEON
(inductively coupled plasma - atomic emission spectrometry: ICP-AES) 72 ¥ f5ET+ 5, L
P, ThbDFIEEZAVTINETIIRESNZ IG2 DY VEF BT 2~30ppm O TE
BEPRKESELD2VTWVS, THETYHMAEETHE SN TWDS ICP-AES (2 X3 EBEDR
HERA X 100ppm TH 5, ZDFIETIG2 LNV OMERY V2 DT 5 2 LIZRARETH 5,
FRUADHEE LT, 81P OFMFHEBICL > TAERT S 2PALBNINE B BEFHIET
5T TY VOERZIT O BU{LSHTE (neutron activation analysis: NAA) 23317 bh 5, B
BUTEF T RN F— AT MR HORHICEE, BROREIXTER, Z07kD, ZOHik
TEATOWMERY 2 EETHAICE. BEHMEFHFEIC LV MOTR» OB - B+ 2
EBREERD, Elo. GMEHEE CRRUEZITOHE. BBIOREM»SKEB SN BBEIR
BEHFICRNIN2HRE (BROBDRIN) BRI H7H, BIEDBIIZIZNEZEET HLERN
Hb, EZTAFRTITEARBPICHFEETIHMERY % NAA (L X > CERICERTHZ &
ZHHE LT, 5GRE1L0 Y OB - BRlE, BXUBKRECRIUZ OV TORMNEIT-
7o

o TN BAE .
(#8) v %
BUE b L—F—32P | 46Sc, 5Fe, €0Co % IV TLLF D4yH e %%AWV&
R (0 1) ORRETok, SRREE UKL L bic v 7wy niE
TADYBRL, MRS TG, MOSBICL 0L R v

BEBRE L, TO%, EBRICH LT AL RBAET ., vl Sdaiiiddn

BHEDOY v EEVT Y BT o E=U A (NHesP(MosO10)4) N, 7 UEZ YLK

e LTER L, SDICZOUBREEEL, VB~ 3 v
DATE=Y A (NHM g POs - 6H:0) ThEE% A5k L7 1%, e
GM BT 5 BRIER Tk, SbICpRMEROwRE ¥

1100°CTHEAL TY VB~ 7R L (MgaP207) & LFEE L=,

T, BORINOBEZ RS O SBEHRIEICT 2 IEN *
10. 20, 30, 40, 50, 100 (%) IZHHYT 5 LR E CELSBE—

ED NHM g PO4 - 6H20 #FABI L. ZhZh BBREIEZIT -7,

(R R)

A Z R D v BREDOFERDN S 46Sc . 29Fe, 60Co 23V ¥ 800
TIITa UL HMTE TS D L AR L, DHRESE ey
2L TONRIZ27T4% Tho T, '

2 XL DIER & LLFH R (cpslg) DERERLELDOTH
5, RBRIIILEEDOER Kb OB O R (712.4cps/g) i
BT, ZOEEERE BRAEICE VB LN LEEROMIC 500

H1 SEERERURE

o
o

HBHEE (cps/g)

o
a
o

HEENHOCRIUZ LB bDLEEZ NS, Lo T, 2 £y 0000 0005 t?.oro 0.0125 0020 0025
% 50% % Tid B SRR DM IED KBTS, IR 100% TIEH /e
ERMETHDLZ Ehbholz, H2 AROESLE2RROBEOME

A, HRTHRE LIETREE AT > OSBERIELIT2L, Fe, Co. Sc BADTHED
REFZRA LT, T, Ge LEERIIEC L 5 2P ORIBIHHBIE D TN LRMT 5
FETH S,



kB E U
B A b

R 20 FEEE D JRR-3 ROV JRR-4 OiE#s - EHFTHEBH ST L ET, JRR-3 1%, FR 20 FE 7
A14EMSFK21FE3 A 13HET, GH7HA VI EFELTBDET,

JRR-4 1%, BHEFICENNRE U CRKHNEBERESBR LR, BHRRFEMORICK D RKHE
BEROB D FHREIAHOBERCENEZRESTELZIENHSNIRDELE, 20D, MOK
FHAERIIDOVWTHHBRBERARE T oZEZ A, BBV TRL LRI TNWA I E2HRLE
Ulz. b2 &N s, REGEROBELZHBEVOHREN EH FREHM 25D ETER 21 £
6 HRE T, BEZEIETAHILITRDELZ,

RR 20 FEEOMISUFEE - BEEFEZ TRIORLET,

ER205F IR k- HEHMHE
# |48 |58 | eA |78 | 88 | 98 |10 {118 {128 |18 | 2A | 38
JRR‘-3 24 1 8 18 12 22 17 27 21 1 26 61 16 13 g
< | 20- | | 20-] | 20-| | 20- | | 20- 20- | | 20- | |2
E mu%maz&i 01 02 03 04 05 |¥| 06 07 o1
2 %um) N
+ ! .
# | JRR-4
: !
BRENEERE
&1t < P
(248 )

ERR 20 £EETE JRR-4 DSEETE IR & 725720, JRR-3 FIARBANORBHAFAREL O IRFTE2H
BWUXT, RICHTEEOBRFEOTARBHRM Pn-3) 3. REBMETDHIENTFRINTS
DET, TFHZFEINTVSHIR, FABREO CH#KZ BEDICHERER/ANBHWEGHES
a0, FAZEOERCERBCHRBEBMNTLBRICBH LRI VERA. BS<BHUOHBEL LITE
E ,

CRALZE. BEVWEHOEEITITVNELES, FTRETITEKIEI N,
PP iR EEHER R FIER  FrEFEER
|5 029-282-5591 e—mail : kenkyuro-rivou@jaea.go.jp ‘
(B FE AR i &5 e B SRR 22 4P 1 AR



HRAFAR LR L RHAREBRFHERHFF BB L
(K #HBHAE)

FBR 20 EEIR TS RRFI AR RRIEF ORI R OBHRFI AR 67 . HEETIR
RBFFRFT OERFAN 18 & 2RO NFE2ZH UAFRFIA2IT> TBO XY, FTRICHFEHRES
HRAREFERGEZRTRLUET. Zh. B PELAOBRERTT. RLAaNs, BFR19E12 AKX
D REEREICED JRR-4 2MEMZBELC THIRAERABAVWERI BEBROZEITHELU LTk E
{VIRR4ZFEEUTHWTEAFHAEORRIIFDANERA. TOXDBRAHENORFLE
ELTHEBMTIRIRR-3 ANOBFTEHEL. F—AR—JICTBITEABITI 2D 0 Q&A 25
FRLUELE, £5F, I8 T30, (http://kaihoken.nuclear.jp/R3FAQ/FAQ.htm)

FROEE BIHEMESRTIBRSHERETNR RE—E (—HHD

- - R E ] )
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HEBAFLIR TR EBRPT
EEAIEH OK UR RO FAFIHERE 2 HIEL TR BEENEDENTNDE 3T

T, FUWHARAZROBBRELR SOV TIRIEL AR EBNET, |

SEEDSERERERTIHAFTOHAN AR O TORSEAFIIFEICRET 5 2L FF| A LB 2 kit L
TIHWET, BEERIGOHET —<YBNRIRIN, 5EICHEDERZ 1 ANHANAROTO
HERAEZERCBMLUE L, 9EER. BRINESHOMET—< 201, 1 0 AERE
KHhI TERETVET,

o, XBEER 2 0 FE R FHERERBKRHEA =7 T4 71 KBWT IRXEF (KUR)
RUORNy b SROFAEEICBET 207 (FFRRERE : )InH#7 R FERFTRE) MHRIRS
NELE, ZORRT—IOHFHT (MBEITRASTHA AT LAORBEEINARE) WS TF—
T Ay NIRCEFMEECERARNUNES ATL%E, A—-NX—IF—HETEE (B4) I
BIFRH O BBEED VAT AOEAZHE L TWET. BoNEZFEOF T, WEERELEN
NTF—RUADVATFLERBLEVWEESTVETOT. BROTHHZBENWLZWERN
E S DN

[

(FmE=—)

RIX LR FEEFLHABR

FBK 20 £EBERTH D UL - MBI ) B ERINERE

REEST REXE TR WRT—<

2627  RERWE BHEHARK FHACAHEE B X OCREEE O BT HREHMES T

2628  RH B FUILREEN  EBUHRCORMRIPISE

2629  (EHMEE FIERZITH  BREEZR W SERFRE OBFLEKE OISR

2630  wAEHR RIKETFU BHHMEFZAWEHRLRETRET IF /1 RLRO0 6

R B S

2631 HEEE  SRKER Sm-146 O & & FEHRE D L X WSm(r ,n)46Sm K
D W E AR E

2632 EHILA- HNESH BEHMED T & 5 15 F AR O R4 34

YRR 20 FERE O ME{ A - MEBRES BRINRE

2642 B A WERE BEHEDHTIET & 2 845 F AR O A HIM FH-AI

2643 R R HERRK FHAZNREBLORERB OB T RIS

2644 T E SRKRER Sm-146 D&E &FBHREB L 4 Sm(r ,n)46Sm Kt
D W R E



HEBAFLIR TR EBRPT
EEAIEH OK UR RO FAFIHERE 2 HIEL TR BEENEDENTNDE 3T

T, FUWHARAZROBBRELR SOV TIRIEL AR EBNET, |

SEEDSERERERTIHAFTOHAN AR O TORSEAFIIFEICRET 5 2L FF| A LB 2 kit L
TIHWET, BEERIGOHET —<YBNRIRIN, 5EICHEDERZ 1 ANHANAROTO
HERAEZERCBMLUE L, 9EER. BRINESHOMET—< 201, 1 0 AERE
KHhI TERETVET,

o, XBEER 2 0 FE R FHERERBKRHEA =7 T4 71 KBWT IRXEF (KUR)
RUORNy b SROFAEEICBET 207 (FFRRERE : )InH#7 R FERFTRE) MHRIRS
NELE, ZORRT—IOHFHT (MBEITRASTHA AT LAORBEEINARE) WS TF—
T Ay NIRCEFMEECERARNUNES ATL%E, A—-NX—IF—HETEE (B4) I
BIFRH O BBEED VAT AOEAZHE L TWET. BoNEZFEOF T, WEERELEN
NTF—RUADVATFLERBLEVWEESTVETOT. BROTHHZBENWLZWERN
E S DN

[

(FmE=—)

RIX LR FEEFLHABR

FBK 20 £EBERTH D UL - MBI ) B ERINERE

REEST REXE TR WRT—<

2627  RERWE BHEHARK FHACAHEE B X OCREEE O BT HREHMES T

2628  RH B FUILREEN  EBUHRCORMRIPISE

2629  (EHMEE FIERZITH  BREEZR W SERFRE OBFLEKE OISR

2630  wAEHR RIKETFU BHHMEFZAWEHRLRETRET IF /1 RLRO0 6

R B S

2631 HEEE  SRKER Sm-146 O & & FEHRE D L X WSm(r ,n)46Sm K
D W E AR E

2632 EHILA- HNESH BEHMED T & 5 15 F AR O R4 34

YRR 20 FERE O ME{ A - MEBRES BRINRE

2642 B A WERE BEHEDHTIET & 2 845 F AR O A HIM FH-AI

2643 R R HERRK FHAZNREBLORERB OB T RIS

2644 T E SRKRER Sm-146 D&E &FBHREB L 4 Sm(r ,n)46Sm Kt
D W R E



2645

2647
20648
2649

PR EH HTRETFEN BRI ERWERLETRET VT /1 RITROTE
el SRR

K RIEREEF  ERALCORMITR

i B% BRSO BIREMLZE AW S R BEREOFLEE O

WA 81 SALASHMBT  REFKFIAO MOX #REHRLE &0 R4 RY 2 BEICEET
B HISE

HARIFOEBNRFTERAZBRHE L TNET,

CR#8ED)



O% 51 M bFitmes  BUHEA TRl

BRAEHEF : YR 1949 A 24 H (H) 17:45~19:15

BREESFT « RO R ayy—kwd— (52 vT) BRE
BhE K20 %

WEEA  BEAE  RARA

SENE SNABESAZERR) b, BERBRICTONZED, fIEICRISMERZDRN
BDTHo Iz,

BIETR, SHERELRE (BNIERRAEYE) K0, MCOHSXDREMLORIRES 1+
VIR CELFEERENE.

HAFIS&HN SRS NRELRICHET 2RI ZHFRL T, MEBEED T EEAMS)
EPRHWTUCERZHAE - EERICKRETHZEICLD. BHMORBIEAHOLRIEHDSZDIL— T
ZHEL. BXRRAMNSWERRAOERMED T OEAZHENITE LN, KEIZHRKENBEE
LTholz.

2T, BEMEDFHEENSOBASTEL T, UTORHE - ERAALZEN,
1. WP 5 0HE
BER £ L (EHRKFEER)
2. AIL[FEF AR DT
OB AR ETHIF 5 REE T R 2 5E T
Rl # K (BHEIERSBEERIHEER ARG ERAESR R
ORCE K2R T4 EBRAT
2l W— K4 GEERRZBERETFERR)
3. MTAA-12 ##&
BER #® KE (EHREERR)
2T BEFARSREHREFOABEERICI. REBCBIELWEZ S, 480D JRR-3M BXL W JRR-4
DEBESFHEXZFOEEZFHIALTHE, £z, BERCHITERBEIVWEEWEZ & ®D T,
BA R LU B0,
BRIC. ER 20 EEOKIEDTHEXOBFEADNT, RERZOHELFITBENWT 5 HM
THRETH 2P DE,
BB, TOER 20 EEOBEMEAFHEROMEBEADNTIE, BE ¥ % (BBR®)
BEEZUFWERFWEZEE, T2T BEIBTELI LTS, 2008 AAKELZRESR -
% 52 BIMSH 2RI, 9 A 25 HR~27 B(MWKEBKRZEF v O NANACRME (RBT

FX) THEINDTETDHD.
(FEEE  RABEN)



<>2008-2009 Mg H7n b NTRERE

6 AFAICHREOWRICDNT, BERAOHEZBENVWL XLz, TOMREXTT. #ER
AUN—IZXBEE, ROKBEORERR2B IR, £H, FRFNEELELZOTBAS
BHRUET. 2B, 9%, AEFEZON> TEHAZHSMNICTSH &L, FRRBRHINZH L%
2008-2009 HiIHE L NWSIRBETIER I LI LIEVERVWET,

2008-2009 Higp=s
(B> 2 BE)
BERREF, WHNXR, KNEE—, BREZ, )k — =, =155

725, 2007-2008 HIBRBIILUTOH LT,
RERE, MEET, SEE—, #EE REBEZ RILHFY

4%, 2008 HIREDOR TREIC > TREREZ2BHITATETHD. BELKRE. BASEL
E3

B RS

RESRE BEEFE

(BHRPER R2EHRE T 2R

[2008 48 H 12 H A=V 7V Rk X b ##H

BEICKBHEEICEKD, 2008-2009 HOREZBREEZNENG EHNTDOEDDIEIKRDEL
7o E3FXBULEBENOELET,

BEHEA RS

REBRE BEES

(BHAFHE KEHRE T 2MAER)

[2008 9 H 20 Hff A =V 7Y R + X ) #F



b I AR o

2008/7/2-4

BASET AV b7 - BHEABRHIRERS

A& £

2008/8/24 - 29

http://www .jrias.or.jp/index.cfm/1,html

The Seventh International Conference on Nuclear and Radiochemistry (NRC-7)

Hungary, Budapest

2008/9/7-12

http://www.nrc7.mke.org.hu/

9th International Conference on Nuclear Analytical Methods in the Life Sciences

(NAMLS-9)
Lisbon, Portugal

2008/9/10 - 12
HASHLERE 57 £
BRERFELRF ¥ /N2

2008/9/17-19
H &b 2R ER
RIERERS T ¥ 2 /XA

2008/9/25 - 27

2008 HAMIHMLFERER/SE 51 BB LFENRR
JRERZEF v VNANIRIZREH

http://www.namls9.itn.pt/

http://www.sc.fukuoka—u.ac.jp/%7eac/nenkai/

http://dbl.wdc-jp.com/geochem2008/

http://home.hiroshima-u.ac.jp/ricentr/pages/08housyakagakukaiframe.html



2008/10/8 - 10
Nuclear Science Training Course with Nucleonica
http://www.nucleonica.net:81/wiki/index.php/Help: Training_Course_Announcements
~ba

2008/11/24 - 28
School cum Workshop on Trace Element Speciation
4R http://www.saha.ac.in/cs/sels.2008/index.html

2009/2/25 - 27
22nd Seminar Activation Analysis and Gamma-Spectroscopy (SAAGAS 22)
A1 A http://www .ati.ac.at/saagas22/EN/index.html
EE#Y): 2008/11/1
SN AREY: 2009/1/15

2009/4/5-4/10
Methods and Applications of Radioanalytical Chemistry VIII
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