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Abstract

Over the past nineteen years, the only research reactor 3 MW TRIGA Mark-II has progressed a variety of
tasks in Bangladesh under Bangladesh Atomic Energy Commission (BAEC). These have included isotope
production, material research using neutron scattering, materials characterization by neutron radiography,
qualitative and quantitative assessment of elements in variety of sample matrices using neutron activation
analysis as well as training and service as centers of excellence in Science & Technology. The aim of this
article is to explore the nuclear reactor based research in Bangladesh with 'especial emphasis to neutron

activation analysis (NAA).
1. Brief History of BAEC TRIGA Reactor

The Atomic Energy Research Establishment, the biggest research wing of BAEC is blessed by the presence
of only nuclear research reactor in the country. It was established about two decades back with the aim of
peaceful use of atomic energy in the country. It is a tank type research reactor achieved its first criticality in
the moming of September 14, 1986. This may be identified as a memorial event in the scientific annals of the
country. It was tested and commissioned fully at the end of October 1986. For proper utilization, the reactor
is equipped with a number of irradiation facilities: dry central thimble (DCT), neutron beam tubes (tangential
and radial piefcing), pneumatic transfer system, rotary specimen rack (Lazy Suzan), thermal column, etc.
The pneumatic transfer system (transfer time 4.6 sec) and Lazy Suzan are mostly being used for NAA
experiments, the DCT for both of radioisotope production and NAA, the radial piercing beam port for
neutron scattering and tangential beam port for neutron radiography. The thermal column is still unutilized.
The technical, operational and utilization data is quoted in Table 1 and the core configuration with irradiation
channels of BAEC TRIGA reactor is shown in Fig.1.



Tablel. Salient features of BAEC TRIGA reactor*.

Technical Data
Power output . 3 MW (thermal)
Fuel moderator material : Uranium Zirconium Hydride (U-ZrH, ¢)
25U enrichment 0 19.7 wt%
Cooling . Natural/Forced
Number of fuel element : 100

Coolant

Maximum thermal flux

: Demineralized water

- ~9.1x10" n.cm?s?!

Core loading . Fuel elements = 93; IFE =02; FFCR =05
Control rod : 6 rods of Boron Carbide (B4C)
Reflector . Graphite

Operation and Utilization data

Hours operated per day : 5

Total hours operated - 4909
Hours at full power operated 842

Total burn—up . 7879 MWh
Number of irradiation request catered . > 873
Sample irradiated 1975

Radioisotope produced

. >2100 GBq (®'I, *™Te, “Sc, etc.)

*Data provided until 31August 2005 [1]

Fuel Element

@ Graphite Dummy Element
. Control Rod

@ Dry Central Thimble

® Rabbit Terminus

@ Neutron Source

Fig 1. a. BAEC TRIGA Reactor core configuration; b. Pneumatic transfer pipes entered into the Rabbit
Terminus of the reactor core; c. Rotary specimen rack or lazy suzan surrounding the reactor core.



2. Utilization Status

Since its establishment, the BAEC TRIGA reactor has been playing pioneering role in scientific research and
in providing services to the people. For example, the radioisotopes produced from this reactor are being used
for a long time in different nuclear medicine centers of the country for both diagnostic and therapeutic
purposes. On the other hand, with a view to opening a new avenue of fundamental and applied research in
the country, a number of different experimental facilities were installed around the reactor in early nineties of
the last century. With the aim of socio economic development of the country, these facilities are being used
in various fields of research and utilization, such as, neutron activation, neutron radiography, neutron

scattering, isotope production, manpower training, education, etc.
2.1. Isotope Production

In Bangladesh, about a dozen of nuclear medicine centers and two Institute of Nuclear Medicine run by
BAEC are serving millions of people and performing research to extend its application [2]. The aim of
radioisotope production using BAEC TRIGA reactor is to fulfill the local demand of short-lived medical
radioisotopes and radiopharmaceuticals both for diagnosis and therapeutic purposes. The major facilities of
radio isotope production include: **"Tc generator production plant, '*'I production plant, *'I Capsule

production facility, Kit production facility, QA/QC facility, etc.

2.1.1. Production of ™ Tc

Isotope production activity started in Bangladesh in 1987 by producing instant *Tc by solvent extraction
method by irradiating natural molybdenum (as MoQs) target. This production method was discontinued due
to the transportation problem of instant *™Tc (T_= 6 hours) to the remote areas of the country. In 1988, the
initiative was taken for producing portable *Tc sublimation generator by irradiating Titanium Molybdate in
the reactor. This method was also discontinued due to inconsistent yield and contamination problem. In order
to overcome these problems, the chromatographic **"Tc generator production facility was installed with the
help of IAEA. This facility was capable producing only four *™Tc generators per batch that was able to
fulfill only a portion of the total demand of the country. So far 106 batches of 15 GBq **™Tc-generators have
been produced from fission Mo imported from four different origins and supplied to four hospitals of the
country. With the aim of fulfillment of total demand of the country, the IAEA Technical Cooperation Project
(Project Code BGD/2/010) has been implemented for enhanced production of *™Tc generators. In 2005, the
new *"Tc generator plant with the capacity of producing 50 generators/batch has been installed under the

TC project.

2.1.2. Production of “'I



The nuclear medicine centers of Bangladesh have their demands of about 700 mCi "*'I solutions per week for
diagnosis of thyroid disorder and therapy of thyrotoxicosis and 1.5 Ci "'I capsules per week for thyroid
ablation therapy. The "'I solution has been producing by dry distillation separation of reactor irradiated

TeO,. The *'I capsule production plant has recently been installed.
2.2. Neutron Scattering

With a view to utilize the reactor for materials research, a Triple Axis Neutron Spectrometer (TAS) has been
set up in the radial piercing beam port of the TRIGA MARK-II research reactor. The spectrometer is being
effectively used for the studies of structural and characteristic properties of materials for their potential
applications. The present scope of research using TAS facilities include: neutron powder diffraction studies
for structural characterization of materials like metals, metalic oxides, alloys, ceramics, superconductors and
various types of magnetic materials; small angle neutron scattering for determining shape, size and molecular
weights of particles in various kinds of biological aggregates and polymers; and texture studies for
identification of texture in industrial and structural materials. Various types of materials are studied by the
diffraction and Small Angle Neutron Scattering (SANS) techniques using the TAS. For instance, the crystal
and magnetic structures of a variety of ferrites, superconducting materials, alloys, amorphous materials, etc.

have been studied in the diffraction method [3].
2.3. Neutron Radiography

Neutron Radiography (NR) facility has been installed at the tangential beam port of the TRIGA research
reactor with a view to create opportunity for nondestructive testing of materials using the neutron beam. This
beam port has been chosen in order to get a thermal neutron beam with minimum gamma content. The NR
facility is being used for research on various materials and quality control of some industrial products. In the
existing NR facility only direct film neutron radiography method is being used and characterized various
types of materials. For example, detection of corrosion in aluminum, study of the quality of some industrial
products (leather, rubber, ceramics, etc.), determination of defects in some shielding materials, determination
of defects and water absorption behavior in some building materials, study of defects and water absorption
behavior in various wood plastic composites and jute reinforced polymer composites [4]. NR group has a
Coordinated Research Project (CRP) with JAEA aiming at developing the electronic imaging system for real

time neutron radiography.

2.4. Neutron Activation Analysis



In spite of advanced nuclear analytical methods developed (PIXE, XRF, TXRF, etc.) in Bangladesh, the (n,y)
reactor neutron activation analysis (NAA) is still preserving its role as a "workhorse" for the diversity of
analytical work [5-7]. Combined with computerized high resolution gamma-ray spectrometry, NAA offers
mostly nondestructive, simultaneous multi-element analysis needed in many areas. In using NAA, the
relative standardization method is being used in BAEC by employing multiclement standards and certified
reference materials. However, the ko-standardization approach will be implemented in near future. The
activity of NAA lab of BAEC can be categorized into four dimensions, such as, service, projects, R & D

work and academic collaboration.

2.4.1, Service

In order to pursue and stimulate NAA activities in Bangladesh in a strategic way, the Group is trying to make
an effort to connect the unique features of NAA to the country’s social needs. For instance, Bangladesh is
confronting the crisis of arsenic contamination in drinking water. The epidemic of arsenic related diseases
has begun. Arsenic patients from different arcas of Bangladesh are visiting doctors with complain. Before
giving treatment, doctor needs to know the arsenic level in their body. Most of the time doctor falls in
embarrassing situation when patients want to know where they can be examined the arsenic level in their
body. For doing so, the scope is very limited in Bangladesh. Under this circumstances, some
Hospitals/Clinics send samples in abroad for anaiysis, which is very costly and most of the people can not
afford it. For helping these helpless people, NAA Group has taken initiative to estimate ar‘sen‘ic level (on
payment, low cost and even in some cases free of cost) in human body by analyzing hair. A number of
patients are being referred from different hospitals of the country to NAA lab. Mention can be made wifh
some examples:

Case 1. Female married patient; age: 26 years, P.S.: Bhanga, District: Faridpur; referred by: Dr. Mir Nazrul
Islam, Consultant Dermatologist, BIRDEM Hospital, Dhaka. The total arsenic concentration measured in her
scalp hair via INAA was 36.4+1.5 pg/g, whereas the normal level of arsenic in human hair is less than 1
ne/s;

Case 2: Female married patient, age: 34 years, P.S. and District: Gopalganj; referred by Prof. Dr. A.ZM.
Maidul Islam, Head of Skin & V. D. Department, Bangabandhu Sheikh Mujib Medical College (BSMM)
University, Dhaka. The arsenic level in her scalp hair was determined amounted to 25.5+5.1 pg/g;

Case 3: Male married patient, age: 35 years, P.S.: Brahman Para, District: Comilla; referred by Dr. Mansurul
Alam, Department of Dermatology & STDs, Chittagong Medical College & Hospital, Chittagong. The total

arsenic concentration in his scalp hair was found to be 5.31+0.32 pg/g.
NAA lab received a number of married and unmarried both of male and female patients. The name of the

patient was avoided in this article due to their social problem. The devastating physical condition of some

arsenic contaminated patients who visited the NAA laboratory is shown in Fig.2.



Fig 2. Arsenic affected patients visited to NAA laboratory

In addition to arsenocosis patient, NAA lab is involved in giving analytical services to the government, non-

government organizations, universities, etc.

2.4.2. Projects

NAA Group successfully completed several Technical Cooperation Projects with IAEA. At present, the lab
is engaged with two projects: 1) IAEA TC Project No. BGD/8/018 entitled “Isotope techniques for
mitigating arsenic contamination in groundwater (NAA component)” and 2) Bangladesh Ministry of
Information, Communication and Science & Technology Project No. 104/2003-2004, entitled
"Determination of Arsenic in Groundwater, Soil, Human Tissue and Foodstuffs of Different Areas of

Bangladesh Using Neutron Activation Analysis Technique".

The studied of feasibility of INAA by using local expeﬁrhental facilities for the determination of arsenic
toxicity in different sample matrices and optimization of pre-concentration NAA (PNAA) for the
determination of total inorganic arsenic in ground water can be identified as recent outcome of the project in
relation to objectives. The range of arsenic, detection limit and sensiﬁ§ity measured for various sample

matrices are shown in Table 2.

Table2.  Feasibility data of NAA in determining total arsenic in different sample matrices.

Sample Range of Arsenic Detection Limit Normal value Sensitivity
Matrix Measured (ug/L) (ng/L) (ug/L)
Water 0.14-2761 0.05 (PNAA) <50 1000
25 (INAA) 2
Hair 0.38-48.5 0.16 <1 6
Soil 0.77-6.41 0.20 <3 15
Vegetable 0.27-17.5 0.17 <1 6
Rice 0.10-0.86 0.06 <1 17




24.3.R & D Work

In the frame of R & D work, NAA Group is responsible to characterize different irradiation channels of
TRIGA reactor. For instance, recently, due to improve the cooling system of the reactor, the neutron flux has
changed and NAA Group re-measured the thermal and epithermal neutron fluxes at different irradiation

locations by foil activation technique as shown in Table 3.

Table3. Neutron fluxes at different Irradiation Channels of BAEC TRIGA Reactor.

Position in the Core Neutron Flux at 3 MW (n.cm™sec™)
Thermal (¢y,) Epithermal (¢ep)
Bottom of Dry Central Thimble (DCT) 9.04_10" 4.65_10"
Pneumatic Transfer System (Rabbit) 2.64_10" 1.23_10"
Rotary Specimen Rack (Lazy Suzan), 1.39_10" 6.59_10"
Hole No. 7

In order to investigate the possible pathways of arsenic and heavy metals exposure and their effects on
population health and to define the contaminated area, samples of soil, foodstuffs, tube well water, human

hair, etc. were collected from different regions of Bangladesh and were analyzed under R & D work.

3. Academic Collaboration

In the worldwide, the fall-off in nuclear educations is in alarming numbers. It is essential taking of necessary
action to prepare the nuclear profession by stimulating and supporting enrolments in the study of Nuclear
Science and Technology and related disciplines. To address the problem, all the laboratories around TRIGA
reactor are very keen to collaborate with almost every University of the country. Students from different
universities and other scientific organizations of the country carry out their research works at various
laboratories around TRIGA reactor to obtain academic degrees, like M.Sc., M.Phil. and Ph.D with the
guidance of laboratory experts.

4. Conclusion
Since its establishment, the reactor has been utilizing without major incidence. However, few minor
incidences sometimes remained the reactor operation suspended. For instance, the N-16 decay tank leakage,

due to pitting corrosion in several areas where rain water seeped through, remained the reactor high power

operation suspended for 3 years (from 1997 to 2001).



With their limited facilities, different utilization groups have been trying for proper utilization of BAEC
TRIGA reactor in both fundamental research and service purposes. But, in reality, the neutrons and gamma
rays generated in the reactor core cannot be exploited properly using the present experimental facilities and,
as a result, the optimum utilization of the BAEC TRIGA reactor is hampered, resulting in impacts of its
financial and technical performance. It is worth mentioning that most of laboratories scientific equipments
are backdated. In these circumstances, it is necessary for updating and extending of laboratory facilities to

proper use of the reactor would be ensured with the help of national and international community.
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5, TIIZDWTIX. As, Br, Ca,
Fe, Rb, Se BEiZ. FIWnigic>
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2. MRORRDEBEEMEOT N FRETLDHH
ENOERIATFHEBEMOVDEDTHIMEBBLIVABBTEBEIN TN S T HFREFH DT
ROTITEILE., BIERGED— D THAIBREOERBRIBETEBT LEYIFOLRRBEDOLK:E
Folr, DHRABIIERERMETREAEICBWTHEE 1m. 6m. 11m TEEINEIHFTH
3, BANSHTZOE, BEKFENL T, RETOFTWREHRDT. T EHAEBED 2 J))

%2 REIBREOBETH+REBOER (n=5FHE+ERREE)

soft tissue hepatopancreas + muscle gill + mantle
Sea depth (m) -
mass (g) ratio” mass (g) ratio* mass (g) ratio®
1 196+25 0.27 115+05 0.30 60+1.0 0.25
6 105+1.3 0.17 55+1.8 0.24 38+05 0.18
11 48109 0.16 21+06 0.28 1.6+03 0.26

*. dry weight after the freeze drying / wet weight
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—TCHEL T, BREZRBCINTHRICLU THEMEO R E L, & 2 TENLOBEER.
HIRER /WERBOERT., ZOERED. MEMRS 2T > TRET D, A 2R
THHREOBEENEDT

5 ENHND, BENEHREO—FZHFTWIREBABRFICOVWTE 3 IIRT. ZORKRLD Cr,
Rb, V ZOFELK T RTDITLRBEICDVWTEHBENEVWFTEXREI RP2ERNEENE. JOHEMA
BT ENEBEIIDODWTHIFIERBEORERTH - 7=,

3. RFHICEENBTEROSH
EA D LA A S NS TRBEE S L, REHEHIBET, BYVE, 7)), ¥
EVE, AFTLT, THAAD e

T, ETHRERNE, 0 RARROTRRE
BONERREE 3 LRT. © [

- - mevE | 2N Feut | zea07 TnrIHT | HETNA
NED, FEIFDAs, Fe, LA P Tegr (o4 |18 [706 38.3 276 |60.8
FAXTD I, THRAANTD [ar Tete |3745 |155.7 |78.9 986.6 |356.6 |59.4

Br, Rb,A /U ® Fe 72E., #BE [co |ND 0.14 |0.33 |[0.04 0.38 ND 0.08
OEHEICE > TEHEEMICEEDT fer |ND 1.81 1.63 |0.61 ND ND ND
EAEBEMLTWAZ ENbMD, [Fe [429 [102 341 154 75 259 94

. o 1 [70.1 [113 541 101 70 10.9 156
fgﬁéff’i;ﬁif;:f@z; Na |216%[3.20% |0.69%|1.89% |2.14% |5.64% |2.07 %

o = Rb |11.8 |55 15.1 |[1.3 29.7 9.7 9.8
NOLEBREOMDEST & B FspTo.019 [0.008 [0.059 |Nb 0.010 |0.014 |ND
LT, Br 25REICEML TYW [sc [0048 [0.030 |0.129 |0.049 0.032 |0.084 |0.210
B ENDOM I, Zn |51.3 |[ND 22.8 |[138 27.1 43.9 53.1

BT
ZOMEDOERHMIRBRZR FFERFTOLAFFIBICE > TIrbNE L, BRECHEET
S1=DITTH NN W2 NIRRT OBR D 5 X IER#HH Wz LT,

(FFIF R |G E K D @R
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Elemental composition of Lake Baikal sediment and paleo-environment reconstructed from its vertical
distribution

EARECRER T - = S 2

V() ENMBURERIERT KTIEERENIIIEE 305-8506 KRR D <IEHT/NEF)I 16-2
PHERFIR THRERAT RTHEBRTEIEEN  590-0494 KRBT REIATAEEHETE (R 2 T H
T. Takamatsu' and J. Takada®

- 'National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305-8506, Japan
*Research Reactor Institute, Kyoto University, Kumatori, Sennan, Osaka 590-0494, Japan

Thirty-one short sediment cores (20-50 cm in length) and two long drilling cores (BDP93-2 and BDP96-1; ca.
100 m and 200 m in length, respectively) from Lake Baikal were analyzed for about 40 elements by
inductively coupled plasma atomic emission spectrometry and instrumental neutron activation analysis. The
L. Baikal sediment was rich in Na, alkaline earth elements, U, and rare earth (especially light rare earth)
elements, but deficient in Cs and Br. Fe-Mn-rich oxidized sediment layers, occurred sometimes as crust,
contained high concentrations of Ba, Co, Ni, As, and P, among which cationic elements were in the Mn-
oxide phase and anionic elements in the Fe-oxide phase. The surface sediment has been slightly polluted
with Pb. Ratios of light rare earth elements/heavy rare earth elements in the sediment decreased from
northern to southern parts of the lake. Climate changes induced by Milankovitch cycles have been recorded
in elemental compositions of the drilling cores. Among the elements analyzed, U was the most sensitive
climate indicator.

1. BU®IC

NATIEIE, 1RV~ ea—S37 L — b OBEBRTEL-BEITKNIFE > TTE
TZHIEIT, #3000 HEQRESRDH D (BEH:, 1998) , P - ME A, BKEM, ReNCE
YERITMICH OBENEBZEZELTWS (Table 1) . N1 ANVBIIEHRARE THA T TRL,
REBKDK 20% 22 2R XM T, KESBERKT 1637 m, T 730 m EHFE—ThH 5,
Tz, KEPBD TEVWCHHDH ST, HAREBIEEINTNVT, MELZENFEHNTHDZ
& (Hohmann et al., 1997)  ZOMORKFETREFTH S, TOD, EYDEBBRIHER
WCBIA T, EYENZNERICHR->TWSB,

ZDRRIT, NAAHIVHRBEFRORENMBTH 2 ERARFIC, REABEZEDEEICORVWET
bHDDT, BARZHNHEBEEMATIHEUTHRIFTH S, £72, N1 AHIBHELOKE T
BREBEOEHICHER RIS ET S DT (Short et al., 1991) , N1 IV OHEREY 2 A i
i, BERTHEOBELHEZHOSNTTHIENTES,

BPFETI, N1 VRSN S RIM L ZXE#HEY 2T (Takamatsu et al., 2000, 2003) &
TN A AEELT AT IV VB TERINZERR—) 727 (W4 - BH, 2000;
Kuzumin et al., 2000) ®DJiuHRMERKRZEPIEFREMCHOFT EFERE T 5 XD HHHT TRIE

Table 1 Specificaion of Lake Baikal

Geographical and geological Limnological
Origin: Lift lake (expanding ca. 10 cm/y) Trophic level: Oligo/meso-trophic
Age: 30 million years Transparency: 40 m
Volume: 230 million km3 Water residence time: 330 years
Area: 46 thousand km? Water circulation: 10 years at the bottom
Depth: max. 1637 m, av. 730 m Dissolved oxygen: > 75% everywhere
Basin area: 556 thousand km?
Population in basin: 5 million Biological . _
Influent river: 336 Number of species: > 2500 (among which
Effluent river: 1 (Angara R.) ca. 2/3 are indigenous)




UT, N RIVIHBEREY OREKZER EBER 500 TEORELFHZHONCT A I E2HMW
U7z,

2. Hik

2.1, FABHRE & miLHE
EEHEREY I 71T 1996 £ (B->U—X) & 1999 £ M- —X) OEITHOIFIEEENN S
WU~ (Fig. 1) . 1996 #iZid, Ry 7 X7 7 —TREHEEMICT I ZAF v 78107 (REE 3
cm, EX 30 cm) 2 LUAAT20-25 cm @37 % 17 AE L (Takamatsu et al., 2000) ,
1999 £1Ci, ~IIFINa7o— (HE 8 cm, £X 100 cm) ZHAWT 22-53 cm @7 % 14
BB LU /= (Takamatsu et al., 2003) . 271X 1-2 cm B TYIRI L7288 (B ET) |, BiEZER
UTHMicft Uiz, 7=, #s B-9 OKE 300 m #HATHRIRLUZES 3 cmn RODDO%KY 5 A b
(BEWHIRD Fe - Mn B&b4) &, 5 mm BIEICUN, &R%E, HoFLE, A—U 273718,
1993 T TN o1 AEE OKE 332 m) THREE /= BDP93-2 a7 (A7 £ 102 m) &,
1996 T AT I v A OKE 321 m) TEREEIN/= BDPY6-1 27 (A7 & 192 m) %
A= Grf& - H, 2000; Kuzumin et al., 2000) . giZ»M 514 228 # B (30-80 cm iR #,
BEMNSIL 677k (20-50 cm FIfR) ZoEL, EEEERLU THORTIC#L 7=,

‘w\\‘—f L
- )
ek

7 )
/// 79 s ,\/
AT 7~ J 3, //‘
i\ v £ f’
/ N 7 / S
DN il
- - S ) 2 177g 5(1,2,3,4,6]
) “Z / < L‘T 1? / near- o‘@:hore
. ST & el
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. 7 gy (8
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e e

Fig. 1 Map showing the sampling sites of the surface sediment cores

2.2. O

FYEFIREHMEDHT (NAA) EFEHEG T I XA KA ICP-AES) ZAWTH 40 DT
REHSHLE, NAA TI/NLUSEELEZa N —FiE2EH L7 (Koyama & Matsushita,
1980; &5, 1998; &L - I, 2005) . MESIIROBEDTHSD 1 —EORJILFL RUTH
ALUZEE (8 50 mg) % Co Z¥ (30 ug) EEBHICRERN IIVICED, KERZBRERFFE
BT (KUR) OE&KERE (Pn-2, APHETFRERE ): 2.75 x 10® n/cm?/s) T 50 nHEEHFL
7=, BEREENY, ¥ 1 BEGHE, NREMOEZ, Ge(lDFEMAMRBEBEHA Tz 4096 F v >
FNEERPFHRERANT vy BAXRIZ MVEBRIELUE, AXT MV y BFT700 5 A
(COVIDN, /NUSNEEF) TUEL T, HhFmgEfE (Na, As, Br, Sb, Ba, La, Sm, Yb,

Lu, RU'U) Z2EELE. RENIH 1 » ARICBRIEL, FRCHETL T, EFMEFE (Sc, Cr,

Fe, Co, Zn, Se, Rb, Cs, Ce, Eu, Tb, Hf, Ta, kWX Th) ZE&L/=. £/, # 30 mg @



ﬁﬂ%%h@@,Mn%@(Hﬂ@)t&%kﬁft»kmwf KUR ® Pn-3 (f: 2.34 x 1018
n/cm2/s) T 20 BREIBHLEZ. BHEARIK 5 28I vy BAXRY MVERRIEL T, EFmERE
(Mg, Al, Ca, Ti, V, RO Mn) 2E&L /. ICP-AES HHFIL KO- /=, &E (10-20
mg) ZAT VUV ABOMENER > NITED, BB CRIEREE/WEE/ 7 vb/KkKEE) Z2HNWT
140°C T5 Bﬂ‘F"ﬁ MELUTZ. SRR, REBBRBLTHEE D vk kKRB ERELER, EEAFR
U, ##%E&E (Thermo Jarrell-Ash, ICAP-61E Trace) M, T, Al, Ca, Co, Cu, Fe,
Mg, Mn, Ni, Zn, As, Ti, V, P, S, Sr, Ba, Pb, Sc, RO Y ZE&L /= (Takamtsu et

al., 2000; 2003) . ZEITTROHEIL L—BEE (Hee et al., 1985) THIEL =,

3. WREER

3.1. JCHRMER O —MRA

REHEREY) OTRMARE, BAROREXMNHE TH S EENW (Takamatsu, 1985; Takamatsu et al.,
1985) LB LEEES, ROBRBEEZELTWVWS, 1) EAXE (LX) REOXRRBIHME DT
ABNEZWEDIZ, 7IVH) HEESEBEENS WV, 2) Na ZZ0WA (RIERDAZEDEE) |, Cs
AR (MEOFE) . 3) Br 4720, Br BRENREEM TR THDDT, WHOEMIEE
DRSS (EYAEERE: 27 g-C/cm?/y; Weiss et al., 1991) Z2RMLEBDEEZEND, 4 15
PREATNRNDOT (BiR) , ESBET As BEg&EN DR, 5) U BENSEENICIEN, &
L, BRBAFTINTHZ L A0 LLRSBICEBE U 280MBNS»4 75 (Edgington et
al, 1996) Z&ICHR TS, 6) FLEITHKR, FICB8HFLETLE (La, Ce, KU Nd) DBEBENS
W, R, BEEWHEDEOBOARST, HBOTHEAREDEBKICBVWTHRETHD,
PROMEOEELEZ NS,

3.2. JTROEENA .

INA FIVI DK B HEINE S (Table 1) , "ORKESINTNVNBDT, JLROMERFRE
bHEE RV (Edgington et al., 1991; Falkner et al., 1997) ., ZFO=®, FEITERIFVHADE
HO—HIRERNT, HEEYTFOTRARIEINZD —EL TWS, Fig. 2 iX 1999 FEICHREL =
14 ZOREHBEYIT7HD Al & Ti, RO Ca & Sr OBEBZERLEBDT, ¥—EF1 MNEA
L7zGE8ZRNWT, Ti/Al % Sr/Ca HIRIZE—E T, HEHHEBRNEEHWICHhRDEETHS
ZERDDD, ZOHERRFHLIETRRBREDHNERNT, 2 OITHERICHEL TNS,

0.8 l l T T 600 T T T
: ! v
07
06 seor Turbidite in M-13 f’ ]
. : w
\ . .> ng
Yo x)
® g
& &
04 4 =
& 300 -
0.3 .
200 |- =
0.2 =
0.1 100 L . L i
12 0.5 1.0 15 20 25 3.0
Al, % Ca, %

Fig. 2 Relationship between concentrations of Al and Ti, and those of Ca and Sr in the surface sediment cores.

(0) M-1, (0) M-3, (0) M-5, (x) M-6, (8) M-7, (A) M-9, (@) M-11, (l) M-12, (#) M-13, (A) M-14, (¥) M-15, (8) M-16,
(+) M-17, (V) M-18.

—7, BmIETREBEENBERASOMERT,. Fig. 3 REGHEEY AT T O 2 HOBRF +ET
REERTETROBEL (La/Yb & Ce/Yb) OBEFRETOY RLESDT, WHEOBICEWE
BRBRRSN2ZTTRLS, #7080y MIBRREMADIEICER, Thabs, Lot ERE



TEIRIC, M, BHEREEFTIETRCEATVD I ENHN D, RO HILKLERE
133 FERETIEBORLAS ; MKOERSIE HS) KBWTHR5N12 (Fig. 9 . BA
OtE (HH1-6) BnThd

Fig.3 Relationship between La/Y'b and Ce/Yb in the surface sediment cores.
and correspondence of the plots to the samiplig sites.

MERYET, pH 1 2.8-3.1 OHFHT—EL TWBY, AEYSEIIHMABIIKREERD, C 2=
N 3.8-21.3% DEEH T E /- IXNEMICEE TS, Fig. b £RIE, TS5 BPOR LT
HEE (T BETHEKBALL, AMRONBLEPOBEEOLTRY) 2xR0FK (EDTA) &
EOREEEREDOEBTRLEZDDTH S, #ABIc /Oy NOARNERD, HA 1 3ER
TR, R, A 5 6 REFTETRCEATVS, 35, 2070y hOAER
BHBOEHEY (C) SBELEBVWHEZRT (Fig. 5§ £X) . I7abs, FEMOILRNWTIRITE
FHETRIC, AEYOLWTEBREFIETRICED. i3, FLETROBRY, FHEY
OO VWERE HE TR ECERLEY KBHRE) OBRBRINTKEFEL, FHRELE T,
MRS AE RO ERICEEZEL TVWA Z LIk 3 EBbis, KB OBEMBREIIRS TR
TREL, AREAOERERREF TETLETREN, BHILITHEWNT AT, BWT
EIEEDOEN (BEYHEEDDRY) EEH TR, ERKIKICKZ28BA HETHROBER N HER
L, —7%, BETEMEEOSVWEETIE, AREARERCEIZERTETROBRNSEL 2
LEZEND, WINREERBRHEL THCEEL TR ThHENE EEINIE, Fig. 3 0
BRABNDRIBIERCRD, ORI, FLETCRBENIMBER (E?Yﬂ}*‘*)
(Bulnayev, 1995; Bobrov et al., 2001) &L TEETHH I EEREL TS,



(X/TI)Oniishi/ (an)Retennce

=
[N}

-

ot
0

o
a

o
»

e
N

0

7

7

wf‘(/%“—/

Py

/. -

T
/4

0 Onilshi

'y o
*
Lake Usori
by
Shimokita |
Peninsula
‘ \ o'ormn

Fig. 4 Map showing the soil sampling sites at Oniishi, Osorezan (Aomori Pref.)
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Fig. 5 Fractionation of rare earth elements in the soil at Oniishi, Osorezan

3.3. REHEREYP OITRDHREN
TTROBELH T O T 71 IR O EMIEEDEA, BY, HEZONMRRIERLEDEE
TELT S, Fig. 6 THA7OT7y I IWVO—flexrU7z, £7=, Fig. 72X, ERHHHFZHL
T, TRE2HENHGOELEICEIVWTOELAEERZRUE (1999 EREOSITDWTHEN) .
TTHRIX 2 HE 4 TRCHEINEZ, ZORN, BcEKSBTHE @) 13 Cu, Pb, & Fe, Mn,



Ba, As, KU P 280 TH2 (Y BHEHONHAZRLEZDRHARZREANEZ VWO TI I TREKT
%) ., Culd, BRAT7HOFEHBEENEYRESrT M BESEDIEHLEDOT, WRNOEMEEER
OEENZFOEHOXERTH S EEBbNS, £/-, Pb IIBEROFREENE N, Fe. 8 1F, &2
7 (1999 fEREY) T Pb OENF%E Pb/Al LTRLZDDTH D, 328, FRIL ¥Cs O
R BEGBES 1954 £ U THER S L GEMIZE) (Peirson, 1971) . $EDA YT
1950 fEEM S Pb BEN AL THD, HehTHEROBELEbN%., Fig. 9 X, HHATE
FAHMMEEY DO Pb OBEEERLEZDBOT, BHERIZILIDETROREL, EEHTH 135
ug/cm? &no Thws, OB FFOBELRODIRNHOM (61-77 ug/cm?; Dillon & Evans,
1982) @ 1/5 BETHHDT, NTANBOBERIREFEICDOITNTHLDEEZAD. NTAH
HTIRMICAF INE Pb OKREHNHHICILBT S EEbN5DT (Boyle et al, 1998) , &
FIT# 4240 t (13.5 pg/cm? x 31500 km? (GHEEFE MNSEHE) @ Pb WA S NZBIE
12725, KiZ, Fe, Mn, Ba, As, P mEDxHIL, BRLAESATOT 71 THEYEEIZ
BELTVWSRZEMNS (Fig. 6) , HEBYOBRRBE TR I 2BETY 1 ZIVick> TRE
CEDLNEEEZEZOND, N HILHOBEREEITIFENTH DD T (Table 1) , BLEN
BSHEEL, HXA 10 cm U EIGETAESP—HNEI K cm OEWT A MRICHEET 55
&bH 5, Fig. 10 13, #5 B-9 THERLEV SAMhOTHFEE Al BEEOMHBENSWITE (U
SZMCEBALZEENEICHFKTSILE) & Fe BELOHBENEWITHE (Fe BIMHEIRE
XNETE) KHOELEBDTHS, Fe, Mn, Ba, Co, Ni, As, R P #% Fe EESBELT
Wr, TRODTEONHEISICH LSBT LR, As & P iX Fe IZ, Ba, Co, KUY Ni i
Mn ICfEbN TS Z ENDM o7z FRFTOEMIZEN) . $abb, 7+ WHaHd Fe B{L
Y, hFFETRIZ Mn BEICEEIN TV, NTAVHOZ I A M, EBM TESR
TBiEek (Takamatsu et al., 1993; )Ili§ - &L, 2005) 72& SHEPIL =R DB TH

i, 1 S| 1 1o o i L L 1
i i YOS ot 4s L P § 0 SO00 10600 0 2800 SO0 28K S0 BRI AT B TETEI U
Mg % Ca, % Ti, % Mn, ppm P, ppm S. ppm Ba, ppm Sr. ppm

T T =T AR v 0 T T

Core depth, cm,

PR S A 3 . 1 1 L 1 ' 3 - |
10230 i W [ER I (T G W BECER

vV, ppm Zn, ppm Ni, ppm Cr, ppm Cu, ppm Y, ppm Pb, ppm As, ppm Co, ppm Se. ppm

Fig. 6 Depth profiles of elements in the surface sediment core (M-13). *: layers contained turbidite.
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Fig. 8 Depth profiles of Pb/Al in the surface sediment cores dated by Cs-137. Black areas show
excess fractions. Background levels: averages in sediment deeper than 10 cm.

L]
01234 3 4



AT A S S B S R B PR M S S s s

Excess Ph, ugicm?

w05 ®
4 ©
@
g ®
L
05
At R E T T e T e :
Correlation with Al

Fig. 10 Relationship between correlation coefficients of elements
with Al and those with Fe in the Fe-crust.

34. R—1) 77 OILFRMREEEIC L EKBEEBOE T

Jo—N)R&EIE, HROMEBERIEKEFELEZHFNELE (WbWwsI5 3y FEAM;
Berger et al., 1984) MNR—ZAAXA—h—&7ix0D, B, g, #E TIRNRREORTFTFa
— U TEINTHRES, I3 yFRICIE, HERANEGEEDBEONROZL (100 ky, 400
ky, 600 ky, 1000 ky A/ &) , ##ioEEZDOENL 41 ky B , ROHEHOREEE)
(19 ky & 23 ky A CBET2H0NEEN, EROBREBERZTNSOESTRES., Z0HF
X, SMECEFNEEEL-KER, EWBEEORLARERZ2BLT, HEYOILIRHARICD KB
IN5, Fig. 1113, BDP96-1 a7 D E¥ 1 my #5 (FRIX Sakai et al. (2000) ¢k 3) B
WT, I FRAHEAHLTEBLEZCROTO Ty IV TH S, RRLEZTRUMNIC
%, Sr, Cu, Zn RENERRITEE L=, 100 ky BHENIE-Z0D EHNTWAZ ERW9N B, T
NSOTFRIL, BHENEK, TADLDERBATAEEMTZ2OT, BBEETREREINS,
— %, BEBEETCREIVCEHT IR (BnEETR) b5, Fig. 12 320HITH 5. &
BIRETRIT, ECEEYVECEENTEET S LRT, BHHCRE, 71 X5 7574 271k
DHIGMMBEZ B 0. EYEREME (ERY), 71 8BR2E) OBV TERIRNMETTA &
Ko THMMT 5, Fig. 13 £XiZ, TROBELHICET 5EEMITE, BDPI6-1 27 O LE
09 my AWK DWTFoHTH B, ST BEAMIITRICE> TERERZDHN (EHIZIRH) ,
100 ky, 41 ky, 23 ky, kO 19 ky BfiHKEIcRHE I TW5, Fig. 13 AXi¥, BDPY%-1 O
7 ekE, wEERLEDAXRN (0.9 my BP: % 4 £HHO&EY ¥ 7 (Maasch, 1988) ;
1.8 my BP: % 4 KBBEEOKMEY v > 7 (Maasch, 1988) ; 2.7 my BP: KFEXKKDZE L WILEKR
(Shackleton et al., 1984) ) TR% L, Fig. 13 ER OB 217> T, RO ER
EEREHBOTHD, I FREAMIL, L¥EROKBEKKNIERUZ 2.7 my BP LARRICE



NTWa, ZORMBIX, EXSVYOREICES T, -3V 7RETRKDFHENANEDLD (£
A—=2WFEL) , N1 HIIVHBROKENEEL /&IN5 TH S5 Muller ef al., 2001) .
2.7 my BPUBEIZ, 3R\ 100 ky & 41 ky OFEH, KO§3W0 23 ky & 19 ky OENSHEICEN
TW3, £7-, BHIZIREATH 2, 0-0.9 my BP TiZ 100 ky E£IAS, 0.9-1.8 my BP Tid 41
ky BHINERELUE, ORI, HEYOTHENRIZI I Ay FRABZHBICEEZL THED
T, KBEEELTEYTHDEER D, ZOTENKBIRECRZN, N1 HLBHOEBE,
U NEICE#TH S, Fig. 1413, BDP93-2 a7 IcBiF3 U O£ (ERIX Colman (1998) 12
X3) 2HEHBY D OBRFNMNNLDOEE (SPECMAP; NOAA Paleoclimatology Program,
2003) EMEELUTRULEDDTH D, BE<—BLTWBETTRLS, N AN TREGEEZEHIC
NI BINEDVHEELDIRET, BRFAMELY TAF— ba—e ® Ta—e DITEICEHNTVS, N
A AV TIE, 115 ky BP & 230 ky BP HO HHEB/NIICHIEL T, 5e>5d ® 7e>7d @
AEREBEHENE I > TWEZER, bb & 5d, KO\ 7b & 7d OBBGIZEELIDELL, D,
7d TS ERICRARZZ ERHRABMND, BB TEVEEINERZFFRICE, TENOFHK
MERENEZ, TEKFOBRGEEEYORBAA O HHETOT, U BRBEEOFBIEAD
UO,COZ &R THEBICHEITHT., INOMBEEBHOZRICK > THICEIINTHATD U
BEZEDS, £0ORY, FHEDOBEMNCTHEMNEITWICRD, U OETEE (#BEED
UO,® UOH), £ L7T) d#ED., #HEYMTO U BERINSORIRICES T, BEMICHENL,
RIICEEHICH DT 2, N1 AIVEIE U CEODHEZFRRICHEDODOT, U 13 TRWRERE
BEirsd (B5, 2003) .
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Fig. 11 Depth profiles of some warm index elements (X/Al) in the 0-1 my BP part of BDP96-1 core, and
correlations between X/Al and U/AL
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5, HMEZBIRT 2R ERICIETETO TR HIENEEL TH0. BEHEHHiE TRIEE
RINEDHEYOEFOEBITREEIRONSBEBRD TV ET, £EFBEELOEETHHTL
7z

2. ER
1D ARORTLE
DHTRBHIARRZPOLICHEYEZNRELUTREL., BEER, RHEEEYMDRELZ Lz, EWE
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2) BEEHE

ByHdEHEmED - EFEOERACOITE IR, BEHFMBEEOHFTITIIESHIEDHK 100
mg ZRYVITFL URBIIH AL, KUR (RERZETH) OFEKBEEERTETREE 2.3 ~
2.8x 108 n-cm?-sec) T ¥ 20~30 WHEBH L=, F - REEMEEORFOHEIIH 300~
500 mg % [FIBRETER(HE T 1 Rl RS L /=,

EEMZEIEEZ, FZABCHEL. BEREIRNEERET Y, RIEKTEY 1 BBAL
FOSHEERTo7, B, EEMEEIIENE. 1 ARBHIE TS 4,000~8,000 BREREIE
L. BlIEKTREIZ20~30 ABHSIE T, 2~4 FHMBIELZ,

BIEIZ Ge ¥BHEBMHBBEINIYINFF ¥ RNV EEIFTHREANWTrBBART A METTo
7o THRDEBDED TV I VAR —BLOARY NVRIEERELL T, EFMKEREL
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Fig.1 13EfHEIED & BRAEMax), 5 3 WO Q3). FRMEMed.). 25 1WA EKQLD.
BXOR/NMEMIN) ZRD, HFOTHEL T, HREDFNWITRN SENITRAIRITR Uz, #iE
BCid lg YO DOREEAMBTEL, BVILTENSENITRETH 10 THEOENRH D, TTHROE
BOBRKBEERNMEOKEWTRE, TOITRVWBDAH D, FIZITHKETTED Ca, K, Mg 131§
PN L, BREER/NMEEOMBRENWTRRBEYEICL > TERBICREREVND DD TN
bhs, Ca, K, Mg OINSEITRIFEMICE> TRATETH D, EYERRZ->TH, KE
BLEBENESTH, £FLERETRDOEH 5 —EEBDILR ZHMBAITRERN SHIXL T



WHEZEDRBTHBZENDLNS, —F. BRN—MHLLLESTHE Cl, Mn, Al, La, Co, Sm,
Eu REMNRIFENS, FPRECHERE. DLRBBREESE 3SHUOMEOMBREW ERITET
i RETREEET Y NEFET DAlREERL TS,

EHEEYORZDO-DOMENICESEZRY., HEBICHEYECECH U THREDE VS DN 5K
WHNIRIZHEAR, ZEIZERARM. PRE, R/MEEED., 3RXTREET F 7 2ERLZ, Fig.2 &
BOTHTERAREER/NMEDOL PO NWTHE (K, Ca, Mg) OHERT. TS DOITRILEDHE
YMEEZR > THDHFREODPHA—TOEFAREBECNTH o=, —H. LoPOEWTHE (La,
Co) D 3 RITRET T 713 Fig.3 \TRT, K, Ca, Mg OF 57 &L bRBPIREDHADH— TI3fE
RANET, BREZRTHEZODTAB ENDAENS, 2 LEEARZFOCEZERNICEE
THOHEYMNEET DI EE2RL, TOHRIZEREY OEENERTE S,

Table 1 B SNEOFRRBICETNT, WSONDTEICDONT, BEBELRL-HEDELS.
BEOHEYORBEEN,. BXU Bowen OFNSDEZERLZ,

Al ZEMTHEYEE LTI UYNFREYS. 13/ SFREIVNH SN TS, EE, v
NFEREDIE. EY A F (Eury japonica) %%2FE1YINF (Camellia japonica) . B 75

(Camellia sasanqua) . Y53 (Cleyera japonica) . F+% (Camellia sinensis) 72 ETH -
7=, E£7=. HZ7 V¥ (Hydran gealiteovenosa) . 7 %4 (Hydrangea macrophylla) . 77
WF (Deutzia crenata) HD1F ) VHARHEY T Al BEEZBWEZRLEZ, £/2. 7520

(Gleichenia japonica) . 23 % (Dicranopteris dichotoma )& 5727200 Y TS,
AlBEZSWEEZRLE,

Co 2#£MT2EMEL TIX. Y a7 (Clethra barbinervis) WE&ThH 5. fOEMEICD
WTHREINTVRN, A FETIE. EBEYERO-BE LT, 2/ MNEFEMEY ORRKRICE
RePWiz, WRABILBICHIHERRZEAZFBEEXRTRBLEZN NI Y 79RO T F
(Sapium japonicum) ®H 96.2ppm HD Co NEENTWBA I EE2RH LU=, Fig.4 [THREHE
EUTERICHELEY IFED r BARYT MVRZERT, ©Co X #®Co @ (ny) Kt -> T
TEREDBDTH D TOART NI LRBEFEROBAETH BN, Co DrBIRINF—INRTES
DI, MOEFMEEO rBE—2IM0N Co @AV T MU HELICKS THES N, EETE =k
o7z, TR E. YIFOEICIE Co NEFICERBL TWEIENHEMTH S, £/2. hUSY
1 79 #HEY (Euphorbiaceae) D—EDRERREN S T IFLUSND Co DHHTHERZE Table 2
WRT, TORNED NI A THROEMI—ROEM LDV S Co 2£<EH. Co DEMKE
BhIFA TR OEDIGELEEFEOHEETHD I ENHE N ERo T2,

Zn BREEYII Y~ T 5 (Poplus Sieboldi) 72 EVFFREYNHENTNWS, AHFETHH
BELUERDTI, YIS F0VFFROEMNET, SRED Zn PMREINEZN,. s O
Wi, BARERERBHILUMAETRRLEDDTHS, EEQIUMATRIRLU-EHEDS DS, BIRE
D Zn ZFEALTOEDR, TF /FBR0OA1 X V5 (rex crenata) THD, 1 XVUT Dy BANRY
MV % Fig.b R, %Zn iX #Zn 2 (ny) KISRKELSTTEEZBDTHD. ZORMNSHLMNS
KOCETED Zn PHERTE =, £ FAHEXTRAUKETHS Cd 2D E, RROVERE
O CdPRETE,

Mn TRF¥YRBREREVRBENREINTVAIRR 4 bEVWEZEH L., LML, TNLLER
BEHRWTEN 2 EZORTAFHRD ALY 7 I (Acanthopanax siadophylloides). %5 /X A
(Evodipanax innovans) T3 7 7513 25,300ppm 3§72 5, 2.53%H 0 Mn 2EHRITSAT
WBHZENHBALEL. (Table1l 228)

EFEEYOERIIEEOHEYICAHINS LR BEEHEBI2BE2SATVLIEH EIND
N, COERIBERTH S, €2 T, MEWICEBEMERRBRTZ HEERFLE. MYOTHE
BTEZEZ BWNBICERL T, THRENSEEEBIVEERZZ2RD. BOZ OKEOHEKE
KD, R, COFEEBEICEEREDC2HEEMNEL. INLDBBEVWTHRERERLZEY 2
BRLTH=,

Table3 \THEACE T O RKITILED TR L =0 SEBIEND 2 SR s =Y O —E D Fl
EEMBITROEE ZRUE, Al KDWTRDEEFRTIRES HFD 10,200, Mn 125 ZERO 2



775 ® 11,500, w50, AV FRXODNTRFETETRICDODVWTH EWEZRLTVS, C
ORICRRE L ZEYED R MIIEMIEEZ RTEY DA< EhE Lz, JOHERER
Y OMBFHETEN THD I E2HR LT

4. fEH

1) BEEAHEEAWTEROABEY OITREBROTRONEITV, TORMRRETLRE
ST DEMB, HHLEFN S R UL, SEEY ERBOLREICRBEDRSIEDENH S
7. BEMTRHEINEZOR, YNFREH TR AL bV 73R Co. YIRBYHTIR &
TR, BEOEZT TR, 4 XYFRHER, 237 TS Mn OfINH o,

2) HEOHEEE ZIERIDWPM IR ATIREL TR U ZEYOF TS, RN SHMENT
WBEREMIRESINELEZ. £/2. INS OB TORIEFAN S, BMPLBOITRA
RAMEY D TEARICKBR L TWB I ENBE LN LR, KT, ZOMMAIBIELRFILRTH
ICRD 5NE, ZOI &R HHOCRERNEBTRE, FICLBORBEMIZTITNS
EEBHRLTWS, EYNEBTREOHEL L USHERD I LZ2RTHOTH D,
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(EMARIBET K D E&EE)

Table 1 Concentrations of particular elements in accumulators and concentration ranges
of those elements in plants in general

Elements Accumulator Concentration Conc. in Ordinary Plants
Plant Name Family Name  in Accumulator  Present Work Bowen's Value
Al Eurya japonica Teaceae 16,400 10-800 90-530
Sc Camellia sinensis Teaceae 1.06 0.002-0.1 0.01-0.03
R.E(La) Dicranopieris linearis Gleichemaceac 737 0.003-5 0.003-15
(Lu)  Alnus pendula Beturaceae 152 0.0005-0.1 0.03
\Y Sphagnum palustre Munst 6.19 0.015-1.0 0.001-0.5
Cr Alnus pendula Beturaccac 3.66 0.02-1.0 0.03-10
Mn Acanthopanax sciadophyloides Araliaceae 25.300 10-2,000 20-700
Fe Alnus pendula Beturaceae 816 20-200 70-700
Co Sapium japonicum Euphorbiaceae 96.2 0.001-1.0 0.005-1
Zn llex crenata Aquifoliaceae 845 2-100 20-400
Cd Lindera ubellaia Lauraceae 18.3 0.5-2 0.1-24
Rb Lindera ubellata Lauraceac 215 2-100 2-50
Ba Dicranopleris linearis Gleicheniaceae 1,600 10-200 8-150
Br Metasequoia glyptostroboides Taxodiaceae 181 0.2-20 157
{ Metasequoia glyptostroboides Taxodiaceae 8.1 0.0005-0.1 3-57




Table2  Concentrations of Cobalt in Euphorbiaceae

except for Sapium japonicum

Sample | Co Conc.

Japanese Name

Botanical Name

(pprm)

Site

Urajiro kankonoki

Yamahihatsu
Kankonoki

Shina aburagiri
Kakiba kankonoki
Hirami kankonoki
Akahada kobannoki
Nankinhaze

Akagi

Glochidion acuminatum

Antidesma japonicum
Glochidion obovatum

Vernicia fordii
Glochidion zeylanicum
Glochidion rubrum
Nargaritaria indica
Sapium sebiferum

Bischofia javanica

64.0
475
26.5
21.1
272
156
263
134
13.2
237
8.71
570
5.62
224
3.05

212
1.83
1.83
1.45

Akamegashiwa Nallotus japonicus 2.66

00 —P OO0 AaODHLNLAWATHNEN 0L HITLOKH LMW

o

: Experimental Plantation of Faculty of Agriculture, Univ. of the Ryukyus,
Okinawa Prefecture (Pareozoic)

: Okinawa Prefectural Forestly Experimental Station, Okinawa Prefecture

: Iriomote Island, Okinawa Prefecture (Sandstone)

: Mt. Heto, Okinawa Prefecture (Sandstone)

: Miyako Island, Okinawa Prefecture {Limestone)
Ishigaki island, Okinawa Prefecture (Granite and Andesite )

: Research Reactor Institute, Kyoto University, Osaka Prefecture

h : Experimental Field in Kyoto Univ. Campus (Granite)

Q-0 Q00

Table3 Some elements and plant species which are capable to accumulate these

elements in the concentration of more than mean plus two-sigma.

Medisn (w= 85 )

Al

Co

Cr
Zn
La

AT = > T WX F (6440) . F ¥ (8640) . ¥ HF (10200) 257
~nA ) F8 Y ¥ U7 F (15300)
A9 AF/ : AXAUAHHI (9320)
YSva® : 95Un (7290) . T ¥ ¥ (6940)

Ja¥§ : IYT7TS5 (11500) 541
v5Yaf 75 Yua (3060)

Yav 78 : Yaw7 (21.1) 0.154
FOFA4 TR 0 ¥ 5% (19.5)

78 T AANTTY (82.7) 0.67
EF/ER : A RXTY (894) 25.5
vSsya® : 95Yp @S9, avy (237 8,359

—58—



105 1 s !

" Max
104 %Jé Qg .
%é Med
103 1.E_1 T a
- PR
102 ) g’% Min

G418 =
Ty
100 lléeii

101} ? E‘Jf é@{jﬁ EQW

10-2

log (u9) /g d.w.

104

CaMgMn Al St Zn Br Cd V Cr U La Co Se Cs Sm Th Sc Lu Ta
K Cl Na Fe Ba RbNd Mo Dy GdCe As Ag Hg Yb Sb Tb Hf Eu Au

Fig.1 Box-whisker scheme shown in log-scale for 40 elements lined in order

with decline of median value. Maximum; upper line, Median; middle line in

box. Minimum ; lower line. Q3 and Q1 are shown in upper and lower line.

B/ (61)Boy

- ,I” 1 T n e
J H 106
. & 105
5 //o//,,, il il )
i /,/,///, ’//4////]/ “ o g La
T e 3 g ‘ ]
: } zﬂ ' :Z’ s i f103
//////////// 1“‘ }il} 10! 103 x % o2
1 ///////////////////// W///////////// e’ 102 ,
L ///////////////////W v | .
. M::m.. SR o | o
plant species g , /VZW ’ Z Iy ! 10
g 10 i »
Ca - 1 W ..#, - : ¥ 10
10° 7// " o2
“ j m 105 Wi, // o // R
1! , -2 7/ A NN l:I\z?x.
,m“///,,/,/, lhn ,'j 104 10 22 A /. sﬂ//// i 7 Mi:: dian
o “m l" “" 2y 3 g plant specie
\:g: 102 %
§‘ 1
P ||||H :
////// //////
- = j
/// % Median ‘
ptlant specleg ‘ﬁ/ ///// Wi, 102 ) A
10!
10 ! ‘ i
2 e 10!
4 o P l ) "’-'
o N\ 10 o 0! // ik JM Wl “ , | ’llll // ‘lI/ { :
g 023’ 2 /////////////// 7 ) ﬁ./%%;/
' 10 ////W”//W N ////////// YR, Mmedlnn
1o ptant specles
W' 100
plant species /////gl/ Mﬂggﬁ" Fig 3 Maximus,mcdian and minimum value of Zo and

Co contents for 85 plt species lined in order with decline

Fig.2 Maximum, median and minimum value of K, Ca
and Mg contents for 85 plant species lined in order with
decline of median value.

of median valur.

6 7 (B1i)Boy



Count

10

10

10

10

10

10

13325
105 60,
] 1115.2 552p | 173z o
107 k \
1
] ”“/\\'K 1460.4 %k
PR
§ 1035 }
8 ; ‘ o
0] Pkt
10"
' 500 ' 1000 ' 1500 ' 2000

Y - energy (keV)

Fig. 4 Gamma -ray spectrum of Shiraki (Sapium japonicum) measured
50 days after irradiation.

sl

Ll

sublidl

“Zn(1115.4)
115
Cd (336.6)

] 'r
| cd(a9n2) ﬂlmlﬂd | .l{ L

115
Cd (527.8)

500 1,000 ' 1,500 2,000
Gamma-ray energy (keV)

Fig.5 Gamma-ray spectrum of Inutsuge (Irex crenata)

— Ei()‘__




T 17 FEETRIXDE

2 v BRIE & A T2 UL AT
HORERSI R RE e MR il =

[FFaa - BAY)

Ly BOWTIRIL, BEO Ge BHER. KBGO RHEZE AV, vBERBHET I Z LITL > TR
BRIC SN L2 WETHHETH D, SEHy BREHERIE. BEPETHEEHMESITE (INA)  ISA S
. EROEBBAEIEL Y bREBROBEBZ EBWVERBHREEINTWAH[1], —FH., BNZ
y BRSIHT (PGA) 13 INAA & [AlAk, ZLRFERFFEREOITIETH D, E2, NAA ITBWT, FEHNETE
DEOBEBICL D O BEREERTTE M, B, N, Si, P, S, Cd, 6d 2¥) O/HLARETH D, EHI
REOBEHRENBHCTE 21T VRS, REBROBBHELRIVWEDORFEE S, 0L 2K
(2 LT LT, PGA I INAA IZEER TR RRE D EEN L < | AR vy R=RX N X —RELHEBETHL720
Iy BRAXT MADBEHETHD, LW RRERL, yBRAUCEOUBPEERBEL 2o T3,

ZEHyBRBREFBE AWV PCAIX, E—A T VIZEH#, Z2HyBBRHEBEZHRET D Z LR R-D
WEFDDIRND, BEy BBREERE AV INA FIERIZ, S/N O ES#FF I, R Tl ~<7= PGA
DRFEERRTDHZENTES, LoT. LEHy BN E PCA ZHLAELEIUT., BREIEMEE LR
SATEL LT, HIBKMEFERRE, FHERRE BERB~OIEAREREEND, BARRTF AR
FEHAE TIE 2003 A2 LV LH y BRIEERE PCA IS T AR ENEA TS, &2 THFR T, EH
AAREERK L, Z2EAE v BOFTMPGA O EAREHI T2 FAMEZFMT 2 ¢ 2B E Lz,
I 5T, PGA Tid, /KEKREIZ, EERS - QIET 5 Z &R TE, KBAKEREOREFRELCRAKD
TEOIMIEATEZENTEDLN, BEOY U IAVEIE TIIKBEREDKEOHELBL ZITHETSE
DHFIIRETH D, Lol MPGA Z VUi, FRFEHEEIT O O THE—O v BE RN T 2 KBOHE
PRIBIZERY BRvv, BHBROBENIRF IS, £ 2T MPGA OKIERAEHI X 2 H A b et
Lize $7o. PHFHEAE y BROET—ZIZZ2 LVWOT, RELVFAEL-2BRERB 2B L,
BETRXBRDHAA— Ry BOTHINF — ROBELRD, T —FORELXIIND Z L HLHFEOBHO
OE2E LT,

[%=5%])

D& BRAEAB L LT Cd, Hg, Sm, Si. Ti. Ni, Fe, Mn, Co. Cr. Z#F\>, Na, K (2B L Tix. Na,CO,.
K,CO, 2 iV iz, EHEEAREIE LT JMN-1(100m g ). JSO-2(300mg) . JB-la(600mg) %V iz, 7 T &
Z—RERohs, 7a— N "—RH% 4 5% JRR-3 MPCGA ¥ — AL 5 A IZRBEL. HIEXITo72. E1z.
ERBSWMEITOICHTZY , Fe ZPIEHETR L LT, BB LDy ROKEZHE L LOMEETTo, &5
2. SEyBUNETITEFEORBHKICMZ, LV SINEZRETLZENTELTY Ry Z7E— RFTO
T RFIRETH D, £ T, BEOV U ZNAVHEIE, BRFHEE., 7 Ry 75— RO =20 F1E TN
BiFole, ZOT Ry 7E— REiE, T vBBBRHBATa 7 MofElaRD L, BET I/
BWCARHTDERY I T D U RERELSTEN, TOLIREHEMET D HIETH D,
Q/KERFEL L LT 100ppm D Cd AKER R FRICHAE L VAR L, BRER) = F L RHORSE
WHE ALK, Ge BRHZF 1 A, 72— KH# 1 B% JRR-3 MPGA B — LA T 1 VIZFRE L. [FKFEHEIEIC
LV RIEEITo T,

[FER KR OB ] _

OB ERBRAEOBRHICLY, ERXBOV A — FERICH LRIy ROZXLF—52/LE 1D, #F
SR Ar— FERICHDENIRE y BOT RN X — 3T —Z LB IR QWD REEMN E —FK LT,
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BRATIE Z & OFHEER, S/INEEDOBWER LITRT, YU I AIEICS b RREEGE, 7 Ry 78
TIEL 5 {555 10 fFRRE S/N IEBRHBESN TV A, FIZT Ry 7 BIETIR, RREFHRAIELY b S/N
DEBFBENTWD, T Ry 7 JIEIREHER AT ML &R ERRBOSITICE W TR LR 25
ThHDHIEWRBIND, HERRBOEESH OFER Fe. K. Cd. Mn, Ti. Sm D 6 TRERHTHZ L
MT&EE, UL, ZNOORRITEFONE y BON THURILETEDIXETHS, BIEOEEDT
TNVBIECIT AEHEERIX, 2002 FLIATL D b 10 fEREE, E< o TWd, ZDZ &b, BEDH
BH 2B TRHTERWTERERET A0, PHEFERBREL TS LEZLND, &o
T, ZEBEY BN NT, BHEORREY L ~<Bor L v FRIZBREH TSI, Lo R&ER
HHEFRBLETH D, EEMEEE 2T, M1 HD Ti, JS0-2 1D Cd, Ti FRW—&EA /LN
25, JB-la D Ti X 10%ETHEVMEAR LTz, ZOEKE LT, JB-1 OREENEMholzfzdiz, Pk
FRBECRNICEVBELEEZOELEZLND,

QABHAB O v 7 VEIE, ROFRFHGRIC £ 5 S/N OBAEF 31T, ¥ ZVRIEIC A
TRFHEETII SN BHEINTWD, E6IC, Y ZAHEIED S/NIT, CdBEICX L CTHAI L T/
AL 2B, FEEFHEETIX S/N DD DOEIE/NI VY, T, FRFHEBHEIEIC L > TKEOHED
EENWNSL holelzdPeE2 NS, 202 L2k, REFHEIETS VIV EIEL Y LB T
FEODIIZ XV NEEZTRTZ LNl

[£:9] ,

by, BEERCIEPHETROARRE L WO BENRD 0, AR R OUKERAEHT MPGA A2
EL VU TABIELY L S/NIXHEBEN., LVMERTEORY - EENFRIZRD EEZZOND,
[1]Y. Hatsukawa et al. : J.Radioanal. Nucl. Chem. 248 (2001) 121. [2] Koeberl et al. : J. Radioanal.
Nucl. Chem. 244 (2000) 655. [3] GS] (MUEFHZERT) 1REME

&1 BT HRDILE
Ti (1382KeV-341.5KeV) Fe(1259KeV-352KeV) Mn(108KeV-104KeV)

SN CPS S/N CPS SN CPS
MPGA (B18Fa+40) 5.01 1.03 2.756 0. 2821 0. 406 0.69
WPGA(Z K/X v 4) 6.23 1.57 5.126 0.3135 0.874 0.95
PGA (S 2T 1) 1.31 11.3 0.219 1. 3637 0. 0658 3.38
+&2 MPGAIcLZER{E
Ti(%) Cd(ppm)
ER(E XERE ER(E XHRE
JSO-2 0635+0042 0683 945+54 107
JMn-1 0635+0046 0638 - - 2000
JB-1a 0.612+0061 077 - - o
.l
%3 CAKBBIZHT5HS/ND LE 1900 i
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BEHEFHIMETFBEH LA & D554 - R ORSERSM TRE L OR EBOtROE R
BN LR R A e BEARTZERE /T it

<>
H&#ts (platinum group elements; PGEs, Ru, Rh, Pd, Os, Ir, Pt) X Re, Au & ILIZ5ERBIEME LR
(highly siderophile elements) (ZFE &S, HIBERD & 5 7eiEiE %2 b oo LT EKE CIIZICESE
LTW5. —F, #1755 (rare earth elements; REEs) 1X#iik - ~ > MIACIEBET I HAEMHTLHE
(lithophile elements) ([ZHFEIND. T bDTRITHERILE: - FELFEMET D L THEICH
RRTRBETHY, BA -BETOESFELMND Z L TERAAERDIBRIZOWT, &V FEMlRER
MABEIC2 D, ZD®, AR -BATOINALDOTERICOVWTIHREL S OMRERZRINTE TE
D, BEFEORENS LV HFMREREBILOOREDOBWOECEENLETH TS, BE
FLLTHWOLRTWAERA - [RRFOBRMERSHTROEREL, FEHKE TSI AEED
#7 (inductively coupled plasma mass spectrometry; ICP-MS) & B4t /b 52/ oh M+ BURb o 4
(radiochemical neutron activation analysis; RNAA) D 22> THDH.Z L TIND DR EDVEORE
MO RIBRCER LIEWRAICIE RNAA BB DOME—DHHTE L 725,

ER - BATOBRESRSGMTEL RNAA L XV ERBTIHE, BA 4 RHIESCT A VIGE
e & O & RIS EERIEN AV DD, T, AFFREICBVTEIRR 72 REEs ORUR
CERISBEENFRSLE N | 7 2 TR T, BektmsE OMSLFE D BEEIC W TR % 72
A EHNHRE L, REEs O BHE L BAAEbHE D = & THEM TR & REEs 22— 2DORAE N L DIFE
BRI 2 HiEEMEMTAZ L2 EE L
< EB>
1. P L—H—Eg

6 >DOHEM TR (Ry, Re, Os, Ir, Pt, Au) OZNERD BWHSHEFRIDBEEZ LT 57201, 1)
SRAFION #tfE % AV 2 a1 A ZZHATE, 2) AnaLig® PM gel # Wit 7 e~ K75 71—, 3)
EREIE UCHEMEET A (S0, FAWETFAALLGE HBITH E LTHEILARX (SnCl,) AW
2T VIR, 5) REREEREEA A RHRIE (Dowex 1x8) % AV 7z Re D 7yHf, 6) RuO,, OsO4
DHKE, D6 DONBEEREIZHOVTHEAME b L—Y—2 W FL——FEREZITW, ZhbD
FEEEOFTD AT 7.

DLEDEROERMNS, (1) & (6)ZMMAGOEILF B B $9100mg

7B, BLO@EG) L 6)EMAEGDLREI(LFIBEREE TN E v
NER - FBAEZRBIO RNAA IZ X A0S HTA 2 LiZ L. it 7 IR ST
2. BE - BEERKEH R v Bk
WG EBEDLETBRIELEAR - BARBHICH LT TILh\BER
M EAESE (JP-1, UMT-1, WMG-1) , K/T 827Kt (FC-1) , v
FREAEEE (Allende) D 5 RE DMV LU oM 21T o 7. 3T OsO, K&
Veis L7 BB ICHA L, BRTEOBERE) S FLL v
7= b HERk Rl & 4512 B AR RS 4 545 (JRR-4) S /< RuO, &
S F (BT 4.0 x 107 m2")C < 6 Bl ik 704 L7, R v

S 1 RBEI LIstE b BRTER Y Fig 1 ORECHEEL  Bofvxs
: " . SRAFION##HE) il
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<KER-BE>
1. JEEME & D H#

ZEBRIZ LY Re, Os, Ir, La, Ce, Nd, Sm, Eu, Gd, Tb, Tm, Yb, Lu D EEEZE7~. Boh-fED S b,
BELMETTRIT OV T, SUBME & HLdk L= X% Fig. 2 137, #iEshl T ARIZE D € BAE % SCEE CFl >
T, BOEHSIIMEOHFE 2T, —EHOFIANERNT, KB TE O N BT SCEE O &R
BlEE<—BLTWD. Re ICBWTAMEIC L BENSEINTMEL, EHEENKE VDT Se
D *Re DE—27 ~DOHEEDBFHENRE THS. WMG-1 © Ir DEIMEO DITRBI O R —H
WCEBRBDTHBHEEZHNS. REEs ICOWTIIXEME L L < —ET A ERELNT.

2. FEFPIA~DILIH DTS & WIS & DILBE

AL THESL L 7o a2 ERBHISA LRSI W THRE L. SIS TREFEDKE
Dz, MEFOLRVEARBD—DL LT~ T4 NEBENETOND. 2—7 T4 MERIZ/
BEKE 4Vesta OHIBRHERZTH D LB X ONTWBIEAT, TORGKMTHREESHBITKGRDELEY
BLEZZBNTWACIay KA hOE? (Ru: 714 ng/g, Re: 37.1 ng/g, Os: 483 ng/g, Ir: 474 ng/g)
LHE LT~ TH D, ZhEORBMETRSHERETHRESN TS HDODIFEE A ¥iT Warren
and Kallemeyn® (Z & ¥ RNAA TRD 572 D TH 5. Figure 3 ICARIZRIZIIT 2 HEMTEOR
HERRE 2—27 T4 MEADOBE * 2B L= b D& Rt #t#hix Cl 22 K54 FOETHE
ELE=bDTHY, HRBREFHIFZEH 3 54 (JRR-3) D HR-1 (FHFH 9.8 x 10" m™ s )2 T 100h
BEZToLEBRELEZGEOREBRAOHEML R L THDH. RHEBRIT vy BEtEEO Y —2
ORI 750 RD3a (03 y REBOBOHFEZE) "OHELLETHS.

INETORNSEM: GUE 100 mg, JRR-4, S-pipe, 6h) TiX Os DAREEFEETH Y, Zhllst
DAEFRXERTHIITLIVRVEFRRE LY RELPEHETFRN/LEIZ/ALS. JRR-3 O HR-1 1T
7% 100h fR4 Tl Os, Re TEENFIEEIZ/AR2 528, Ir 1X JRR-3, 100h DT b I B E DR
HOIZDVWTTERNE LV, RulZ DWW TIXERICAVE 'PRu 23 2°U OBSZUZ L > THAER
T5H, 2—27 74 MERD L 52 RuU EEBNFEFITEN (~107) Z B3 FRINhHRETIX
ZOREBRBETERY. LM LERIC U OBYRTAER L2 Ru (half-life = 2.89day) %
WAHZERTENITRUBERFREICARD EEZB XN, ZORICHOWTIRBRERNPTHD. 2y
#riEiZ Warren and Kallemeyn D 5% & (bl U C Ir ORHEBR TIZE 52, Ru 25 H7- 4 DD
MIERICONWT L VHELRBECT~CIXI0"ETERETEZAHATENTWA LWL A,

BIE, WBERIE@), 5), (0)ZHAELEZRNAA I OWTERTTHY, ZORELEEZLTE
WCBEEITHITETHS.

References: [1] Minowa and Ebihara (2003) Anal. Chim. Acta, 498, 25. [2] Anders and Grevesse (1989)
Geochim. Cosmochim. Acta, 53, 197. [3] Warren and Kallemeyn (1995) MAPS, 31, 97.
Publication: Takeda et al., J. Radioanal. Nucl. Chem., in submission of revised manuscript.
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REIKP ORHEEA 1 2 T DO TEBAEDWENL L T DUFHEHIERA L FHFFE~ DI
HORERSI R R e BAHTERt sk 3ERR

[FFiml WEEAHET BIEROE HRED Ippm LLFOWbW 5 [HETER) Thod, HE
TEROL L, FORENUHRROBEE. FHi72 I L - TEET 5 7= OMEORES/KSUEE D LD
F—PERV/FDT b, ZOFERRRISHE. DAACEII OV TORESEAL TR T
%, PIZITRETREDO— > THLEKITBKTOEY T 7 7 N AFEOFHIRERFTHDH = L 3bny,
fk & &%Eﬁ@é@%ﬁi@f@k’ﬁﬂm:ﬁﬁf VIRRIREICHEER X -8\ ) T8GR MBS hT,
2, FERRBIZ ABRINZERE AT D2 & T T T 7 N O RE L, KEHPO M biRE
@f%u?&?ﬂlfﬁw% 2 RIREMEDS R ST T LT RANC R E B A AT, 2O X 5 ISP OME
TEHEVERE I I EREME CORBERIEDREIE > TV A AEEMNH D . FOIERE/EEL R D L m@o
TEETHZ, LRLERML, 5 BIZBWTHHIIKFPOMETLROERIIAS Tl THIZ
TIHIRETH ERERDOIMESE LN TN DD 20, FH W To i D 1 DIZA v Y 7 A (Y)\
T4 R (o) LFEIUHETEETCE REE) IKBTHAD VUL (So) BEETF LN, TOHREHFNT
Brewer et al. (1972) LIBRIE & A ¥ 720, FRAREIZ Z OO Sc DF —Z ITITEEEN IR ENTE LT
1970 RN SBIEICE D E T, HIERY 7Y o ZHIT OB _EICE > THRETEDOMTEN NS 25
HRABRONDZ LEEBETDH L, Sc DFEITIREINDEIRE LD EBEXOND, HIEFIODIRNE
ED 1 DNTREKFD Sc DEEITK U CEYROITFEN RN LT b5, FIXiE, Y. Ln OE
BIZERRHEEE T 7 AHESWE (ICP-MS) 13571 AL OTHEORBERDH Y, Sc DEERITIX
EHRPEE LY, £ T TARIZEL, Sc & SN DB E IS HIE PR b aTiE %2 VTR O
PR E7R Sc DERILEZIRFE L, TOHETHIKEO Sc DIER/ 2 EBIE L BEN 2RO, BT
% Sc DEBMOBEL AL Uiz, X5, YRECHICHELSN TV Y, Ln OEBFE—FRAE
FRIEE P L7z ICP-MS—% VT Sc OFEEIZAVVE LD L F—0ED Y, Ln DEEEREL Sc
DT —HF L OLBAATIR LD B, HHEIZIT D REEs OB OMESZHA LM Lz,

[=5] ARFFE TIIAKEUERILIEE -V VTR O Sc 20 REHE Lz, —EOLFHRE
BB Sc DINERIT, HEHERNHA CEBRD YSc 2FIfA L TR, HRSRIAR L YSc tAi% . pH1~2
OB LKL, <R UERTOLT =T KEMA, pH7.5~8.5 DM T/KERLE

[Fe(OH);] #B& X7z, B R%. OB Lo Tila ol Z OUWBAER ClRfEL., 2
A F B EFTIR T, ZORRA A LA TFe (D) 13REA A ZZHBIMEICRAE L, Sc (M) (HFEA

EAESTHRERICE I D, TORBEREIENENE L. ARRICH T LIRS CaiErs (R =51
Y= b)) R L, YSc D yBRAIEETR o7, T 0 YSe DINREACZHRIEICISIT 5 Sc JRFOILR &
Uiz, WEERD%, BEAREIEZZOEEORECTHPHETRI L, “Sc (ny) “Scick>THERL

12 %Se D y BREIE AT EEBIEC & - KO Sc 2EE LTz, ARFFE TRV MKIZE CHR RS
TBERRFERT & 0 Rtk &7z, F 7o, SN2 C R ARRETFIBIFERT 4 547, Tpipe (PHEFH;5.3X 107 m™s™)
12T 20 T2 072,

[(BREBLE] —FEEORII— KRR AIBREEAK (Kuroshio) % VT, MIZD5HT
% 6 ETZ2WEBMEORIES T2 572, Sc DINEIT 87~98% & BIF Tho7-h3, AR DOHFEN.
58~65% & KEWEOMIENLETh o7z, AN O DESEMIE LI EOMMMERERZETT 10%EE



T, BOEBEMENEON (Table 1), —7., Sc Z1FE ALEEVVEEE (EHERY =F L —1)
BRWAER (0344004 ngke) &ITREZEOHFT—HLTRY ., HEAKITBSBLRIELLfTRbh T
WHZ LR TE T, /o, MROSITIITEMERY =F L o— MEAWTERER TR, Z
DEE. VAN TCWZEEERIERT T 07 LryUT 1/10 LT EELLBDTHZ L &, kHdo
Sc. Y. Ln OEFEIIRBKOT CTROLIEBELEZLND Z b, K Sc ERIEITIRIVKERIEA R

REEBZLND, Table 1 Sc concentration in surface seawater

— KD Sc R — X Sample Latitude Longitude szflegl}ktr;ﬁon
FEOREB A (Kuroshio, HY-2, Kuroshio 35°27 N _142°20° E 038 £ 003
HY-6) L DA HA (BO3 ;R (average value n=6, 1o)

. BO-3  30°02' N 160°02' W  0.074 + 0.011 *
BNSEBETO 14 B) 12815 .
HY-2  16°31' N 122°60' W < 0.063

Sc DEREIT/2o7- (Table 1), #* HY-6 00°04' N 95°30' W 011 + 001 *
DFER., KYEREMKD Sc JBE  *; Due to counting statistic in y-ray spectrometry (1)

1R b TRl B 5 BWclg @ Upper limit (100)

bEVMEZR LS, —H, NTA O SciREIL., RE TR BB - THEINT 5 BERD & 5 724
HikR L., Spencer et al (1970) (L HATIED So il

L0 bR VMERTR U (Fig 1), AHE TR MK 0 g —
BHE 2 U — AT L > TR S = b s bk Z%%%>ﬁ
REDIBYIZN DL EZ HIB I LR, 38, IR 1000

ERECRD TG Z 2 b, ARG CE LA \

THME L Y BISEERE LV 2 5, YFIRETELN 2000 ¢
TNTAWOY, Ln DfE (s K. 2005 F23E0H5E) %

FIVT Sc & Y, L OREHRE R) %3R5 &, RZ § 30001 I
0.89~098 & r%: <. FTEu L RVHEBIER LI, 20 B ol _
)5 Sc it Y. Ln & L% R L, AHTIE e BO-3 (This work)

Bl U852 Ry LELILNS, —&— Spencer et al. (1970)

WREICHI B So L) REEs ORMAEZ 575, S¢ | 1
L FETRE CETEEMITND Y, La &, DM HKED €000 . l | L
F<ELTND Eu 0K OREL & HEE OB 0 02 04 06 0.8 S:: g /;gz)
ZHB LT, WAKFORELN (Y/Sc=20. La/Sc=3.6. Fig.1 Vertical profiles of Sc.

EwSc=0.12) 13T b HsSmE ORELL (Y/Se=0.75,

La/Sc=0.44, EwSc=0.016) XV REWZ L2vb, ¥KFD Y, La, EulZ oW\ T Sc & BIDHIENTFET S
FIREMEE . Y. La. Eu (ZEET Se 13K DERREINST VTR TH A AIREMENE 2 bihvd, #KH
TY. Ln iXZFEICRESSE (REECO;,) & LTHFEL WS LTINS, —FH T Sc l3EITKEMAEE
& (Sc(OH);) & L TIHAELTWALEEX DN TEY, KMt L LTREINCTWEEZ L OND, fE
> T, LFUBELLDLE)HE 2 b D BB I 2RO BNE, Sc ASFERRINCE S ZHEKH 5
BESNIFIERTHHDEBZLND,

Publication ; Nomuraetal. (2005) Anal. Chim. Acta. 553, 58-63
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BEK DS RS R R B B AR 1L P OO 1 T BKR
EERFE TR AV E

[iIZUwic] #EROILERICIE T8 R AR AL, BELERICEESEZHRITHEKILTS
%. B AR L BRI O B R R HUIC OV TR, ERERAS B R H TEVACRE T L IZ KRR DK
B PRASNDOIZH L, T 5 ER RHIROZE I = >DORE2ME L ER D/
Wi g SEHEIC AVZZ LY, BHBERE LB I K EO KR E RRDIRR BB BE T 57E, £0
H FEK RDET IAGITRTE BEN TR, AAFFE TR RS D NTBEAK DI HRR S % D
HARBE D HVE 28, (LA M E R4 DL ORMHRICSL D, J7 R IR IR #is D BE/K DL FHLALD S
EEARLAEOH TRETIROZ LA ARIELT.

[E8&] 2005 4EEE 5 R SR ik 10 19 #1520 RELOTRR K, K, FKREZERIL, 20
LR RO, TERSOERICIIRIOEEE, ICP BAHITE, A3 r/u~hI7E%
AV, HTEITEELIUD LT AMEBR S OEEBLZ S — TAI=y AREE IR U7 U
(LA HTETITo 7. BEHESHTICET D FIREL Tl B AR 7 /1 5F 7EBH B8 O JRR-3 &
Y JRR-4 & V=, :

[ERLEE] BOIELFREN D, ZOHISDMEKE KE AR, BEE, CHO=20D7 11—
AT, A BERS K UNB BRI B 5 RTINS AR L, 3RS TR IV TS RO
ZHEIZZ LNV RS OAY, A BT B BELELER L7235 A12 K/Na thIs LV Al/Mg EEAS iE v
L CRBIEN, BB B EEREROBICERL THOML TS, ZOZEED A BRCHEINDHkE
Ak, B 5 R s | PE T A2 E IR O B [KAI(SO)2(0H)B1 6 DR B AR 31T T
WALDEEZ X NS, —F C BEOREKIZELL TEBRBIEHRWICSMALTRY, & B uRM O
MHEMRR S QIR O BARH LTITELL, A, B BOIORBRETRICELLVOFEITIRON
RN, ZOZ LB TR B IO E R REE NV E TE O T ICAREREV YR H LT EETR
LTV,



FEIRRICB I DR ERER ORDRE~DRE
R TR R

[IZU®ic] EERRITHERILERORER QIR KILICEIRAHS, ARILREICAIE T 5K
HRRBEOBRH THD, BERIRRIFERBEOPT THHENRERKARON, 1970 FITHFIL L OHEHI
FIZHUE LV ZEMEL TRHEZ BB T REFREFINSEE, BBEORR THS. TR
FRRITBLE 10 mg dm-3 A OERIEEZ/RLTEY, TOBHENDREL LN ERERIAE
ITHI50 MATET D, FREJRRIIFIGEE I IR RE IS TS, RETFRIRAKER)I
I T AR T2 O —HAFR AR O HRIOREL, FUREROEENRIREICARINT
WAHLRZREND. ZZTABIZE T, BUREICAMINZERBE ORI BEE L0 EHL
MTTHIEEBRIELT.

[EBR] 2005 EEIZEERIERIBIOZEDEDIRD 22 HiAH5 24 O HERBAARTRL7. FERL
7o HEERBHI R L, RO SRR DO RIEETT o7, FERSBEIIERSIIE,
RNNEEVE, ICP FNSHTIEIC T, bRIBEIIIERIE P BT iR TR 72, B b5
FricHiT 2+ IRICIL B AR+ /7B 3Bt O JRR-3 B LN JRR-4 ZFIH L7z, SLfED R
BT R X SREldriEs A

[FERLER] BRUZDIROEIeRBEIT 36 mgke-1 THY, HAENO HEPOLHLFEE
EXVEVMELZ2 o7, BEIRR O, IBREHOEM A~ km BinsLTEBPOLRBEIX
10 mg kg-1 AitkL72Y, BN TEHERIE THD. BLLRBENEI -0, HREBEROKE
R RAKEZ T HHE DL HSEBLNT 122 mg kg-1 EVHETH D, FHRICK L TRRENER A
DBHHRZ DL DIZRITHRIG ORI 36 mg k-3 THY, kD HEREL TITFRIC
BWWEVOE D TiEAeh oz, F2, ZORBABKHEHAIZBWTIE, #13F T 20 cm SLERIZHLC
BRAKIZEDMEDOBMEEELZTT-L AN A6 HENFEL, TOLRBEIL 7 mgke-3&X
DITENL D TH o7z, ZOZ &, TREKICEV HEABEEE LGS, e RITEE B3Rk
EH-BEESNDI L, TEEEROIR LI F OB ENEIBITINOTE TLAMU~L BB - i
B2 eEmL TS, U EDOZEALIRREIROERNDNHIRAN O L% L Coveh IREIC LR
L CWARTREE D RIS LTz,



ZEEN B - THIREEI T 5 ER 5 & ORI b 7)) BREE

SRR 5 B S ISR R
BEALERIRE AT

[IZU ] FFsBcE L. A A BB OGFET BRI FHROEEIZIB Thithk
A F 28T UERAYE TH IR KELREIE D, AL, ZOMEBRTRIGIZER L.
EETROMtY (FeSsFeS %) DFEENOZFOEREREFGLNITAIZEEZBHELE, &0bit
FeSa(pyrite)id. HiREE FIZRB W CIEEMRNC AR L2V 2, MR ICE OTEE 2~ fakE
ELTHATHDEEZOND, MEBETRIGICEET 2 TrFim 0k (k) Z2xi5l
T 5 b DNENN, FIBREL AT 2 L CEERYP - THRIRICE U CIZEREA THZ2RYY,
Ko TEE) b « Ttz PAmR & BRI 0T, MROEEICK T oMtz E& LT, %
7o, HBRTH DR EDORREFIC(LET 2R ETRIEE & OLER - it biTo 7,

[E5:] 2005 £ 6 A 1 BiZ, ZE)I EHE»ORIOICT CoFH 7 AR CTEERRE (FITES
0-4cm) B L OKRBKEBFR Uiz, BEPHETHEELHT (INAA) B KO HEFARENZE T
<R OHTE (PGA) ZHW., it e LTI LTV Fe,Zn B X NS DERBEIT 72, E£72.
ARG T —556iE A O CEROILZRRE ST 24TV, FeSe ODEFRZRE LIz, SHIZ, K
JEAB X OMIBAKOHEEA A2 « kA A BE % HPLC THRIE LT,

[ - 22] BAKERIZB T, A AT T —SHIEORERN D pyrite DIFEITHEZE T
9. PGAIZ X ZRIETIE S IIBRHBRLU T Th o7z, LU, HPLCIZ X DA A BEE
BEDS . BOKIE 6 HisH 4 #SIcBW T, BUKH Thilg 1 A DR BHR I N, TD
BRAR1LIORT, 202 &b, BAKREE TIX. PGA BI A ANRNT T —5HIEOR IR
RUUF (S <500ppm) THESETEAMTHIL T\ 5 AEMEA T SNz, —F ., FiliA 4 OBE
7R 2 3 T b EE Tl pyrite DAERITR b2 h o 7258 PGAIZ L DBIENH S &
BHRITH 2000ppm LWV 5 FEREEZ, FETEREBCELT, INAMABLOPGAICL 5LR
S3HT & BROALZEIRRED D S DIFER

aRDIE 2D RS 1518m T A BB a
iX pyrite & L CHFET D S A é""‘“’ —o— RARK 2
66:85% % HHi—, UL LESX ~100.0 ‘
58cm 1BV TIiE. pyrite BIE R m
20:2% L bR, REIGTVEE &

pyrite BAADIIECHAET BEIAAS  © |

BN ERbrotz, Lo TR 01

FECH T b IR . MR ITR R JUOEE KO A
RSIC & > CEETICEE S S 1 " R "R

KIE Tid pyrite LS DHR L & LT M1 #=EAEBEORBEASD

FIET 260 L HER ST, TREEAF B EDR T IS ZEAL



WHERRBICAET 2 TRERCHEYT 5058

S PN e L IN R
BUEATLERR B0 ki

[BE] Z2<OFEIEDILTONELXHETH., BETEBOEEMEARHINERZBV
TWd, LoL, FROAY - ALZHRBEIZR2CIEb - TEL T, HEEGERTIER)
FHRPIEEZRDZ —FHOEH OB EH D L 512, FEOKBELZALNCT S Lk, B%
B2 TR HEMIZB RO LN TV S, RFRTIIYMH AR CH DREERLTEBER
KCHOWONTE o FEZHV., BEBETREZFEEHE VO BB RBREICERHTET 25
BROFRZARIC, TREEOCFHIHE LTS, 2O >OFTRIIHTHEEGOEES
RELZRITTWBIETTHY, WEEBOITONBEEEFEL TOWARVWAERTEL, &
HZBEOLTHOIIL b DDEVEH T EE L TV ZFWA LS 2 L THRHITIZ
LA FREREDLFEOEEOELDOEVERIDLZ L2 AN ET 5,

[ER] FETE L ZFBWME) W O AL CEE 2HRICERR U, B Bt o i
(INAAB L OHHTHFRIEY BT PCGAIC X > TEEST 2TV ILEDOEE S
iz, ARNYT—HHIEC X > THRIEFREO ST 21TV, BEL RT3 80LE
KEDOEAL 2R/~

(R - ZBL] ZHBREEIEESMICFFICB Y >IN hotz, ZHUTAE
BHEZHEDOITONTELODEWE CEEBICEL TR, DL ToEEBL/ XMz 5
CENTERLEZDZ L TE D, HEEENEL S BEOREHRR TIIE D L THTD
BEEECTEZEIRT O R TERDP SO RONMTHB TE o, 2T L, &
BETREERIALNCHEBIUOEKENLETIBHRHEEL. N2 EARED S TOH]
BEEZDZLENTED, ZOBEMETEL DEREORBREROSKLFRENRKE < E{L.
O TOREZ LY FRIEESMEENICHE

U7 2 b ifedd b, BKEICIE H-S- . iﬂﬁfvff$2 e
As-Ce-Cs'Dy-Gd-Eu-K-Sm 7 &% < Ok 0 ' ' '
B EBOREHEM» DL RIBSh, £

JETREH /3T Pyrite RELL BHEHINTEWDE 10
CEWMEEZoT, SbE, FLO®ED | B Bt RN
MTIC LD FRAOKENES 720, #ET | =

PINS 25 L & bIHRRMBREE L ooz e | 8 30

T HERERI T~ DR ORBE TE OEBIC & %0
S>TRELERILKFRLDORETEL DITEN

BB vy 7ENBE o2 L &2aRT 50

LExXbND, W Ca-Co+V REDTEN - # - BKE —B—Pyite — -5
TR EHEM L BRI SnE, 1 22T REEICETSHREEIL




BEHEAIITZ L DBEN R Y =0 AHOMED U U ADOER
FREDIRFEAMEER EaK &

[iIzUoiz)

FAf4F=a— R Y OKRHZBAL LTW5 KASKA EBRTi, %1~ﬁj/@@m®t
Gd R FEZATERIES T L—F —LS)DERAMBFHE SN TR Y . IWE L L TEME Gd20s %H%
WD I EBBETSN TN\ D, Z ORHEHIHEITFET 5 U, Th, K (TH3RT 5 KRS HEAETEIT
HEHERIC LV =2 — N Y 2 AT A28, ZOFEBRBENE LTS =2— R Y JORHEOK
XRIGT LD, 10T, ZOMEERGHERMORE L 2 DRI ==— MY JBZEE4TH £
THEETH,

REBREN L, EEEOHENE VWL TH DO, METEICHT 2 ERLEE
INTIE TS B, HEHE RSO RNAANL., BBHT P72 FRST U TS L S B 7214,
7B ERAT > CEMITR EREF OETETEN O OB LHIE T2 HETH D, Gde0s DE
EER Th D Gd TP HENmEES R E <. P2 R LT WDl B ORI ERS Z L,
HEIPOMETR OO & 725, —F, ﬁﬂuﬁamﬁﬁ%%ﬁbmeMéﬁt%GA%
BIERAT O MR BT RPAA) Tld, Gd O BRI = 5720 LW S FEILH
B, ERT B 3K OMEEEIAEN 7.6 D)1z OISTE A DB e LETH D, AR TR,
LS IZ8fREED GdeOs B3==— M VBHERIZAV DNDDICSEDL LWL D THDHHF15
ZEEREME LT, T RPAAICE Y ZOREPOME L K DEE RFEL Y., X5ICRNAA
XV BRI R R OT,

[5E5%])

BN, BEFIOIEE A L2 RPAA 1215 K OFEERIToT-, HIEHERGR 2 B U Sk
Gd205(99.999%)\ZBEENE D KCl FIE % N A 7=t i CANEL - VAfiE L. NHs CIRIRE 7V UHHIZ
LT Gd Z/KkEMbin e Ui S w7, mUmBE L TR LN EBAERERIB L vy BREHIE Lto
DEERVECRT B K OICRIIHEMREHMUC & 0 RdT-, ki, Gd D H CRIROFEL TR D780
Co ZRE T GdeOs (TS L. Bk Ehi=0Co @ vy BAEIE Lz,

[R5 - &5

RPAA T 38K #RHT2 2 LN TE P, KOERHEZBD Z LN TEX 2oz, KEED L
REE LT 1ppm 257, RTF==—F Y/ ORHEEZERE LT 5 KASKA B TlE, GdeOs
PO K BEMEN lppm LA T THS Z ENEENTNSDS, RNAA OFERN L2 0 BAEEZ ER
LT3 Z Edbh Tz,

RIZ, 80Co DAERBERREL W RKOT=H
CIRINORESRICTT, 1%L FOME
TEREE T, BHC L 58 CRIRD-
DICHHEFIRBEINT E 1050 1 & 72
B0, BINOBEIT—ETHDZ &b

Co

0. 5 1 U
® 1332 5keV
[ 1173 2keV

Samp | e (cps/mg) /Standard (cps/mg)

01k W g gy o ]
hotc, AHITZOECRIEER L
92T L0 ¥EHIOR Y 2K(12.36 0.05 ' ' ' . '
)& A2 RNAA L 2 K DERLZE G A L L
HiL. BERTIZZOREDHDETHE g1 scawonsone
j‘é%ﬁf}?)éo ﬁg{\iﬁg%ﬁggﬁ#iElﬁzcowltﬁ!mﬁét BECRROERER



R PO LA & D8RR OEREME TR OER
HOHERSI RSB B R

[iIzrwiz]

HER LI\ CHERTTE Ry, Rh, Pd, Os, I, Pt) (35888 R & LTS, &8 L3R Btk
ZR L, #HIEKD K 5 RBIREEL b ORE TIIIIE BV IAENTWD, 2D~ MVEROEA
AEHIIRIT 5 AEETRDOBEEIIE ng/ls BETH Y, {LFNBEHREL S F 72V VOWTIE TOERIIRE#ETSH
5. AAaBLOEAYORESETROMLIED 1 2L LT, = vt firc-assay IERZET D, 20
FHEIIT AV VBRED 1 D TH Y, = v 7 At e — X AR 2 BE S THlT 5 51K T
b5 B—RXDERFTHD=y FAFAIIFE TR L THRETH I LN TE, ZOBASKRTRITR
EHEE L LCEIRESND. 20 fire-assay 1 L FHEER T 7 AEEMNED L ITHHEFREHMEATIE
EBHAHEDEDH Z LT, Bnglg L IVOALHETEDOEERNREL 125,

HIBROMZIZI T BEHERITR T T AOFSMITHE (Ga, Ge, Mo, W, Au) HIRIELTWS. ZHHDH
PR TERITTRBEME TR & FARRICEIR L B2 7R 728, fire-assay {EIZIBWT= v Z Wb ©— X1
BETHRREMENB 2 DILD. 2 CAR CIIAMBMmBR L L=y 7 Wit fire-assay 15 AV, 15
LIV BRIk U CEEPHE TR %1772 5 FIET, AaPIHET 5 Aeink s et Egigttr
FROERERAT.

[ E=5RRIE)

e U CERERERE 2 78 (JP-1 1g, FC-1 0.1g), 3L UBEFAREN 1 7 (Allende 0.01g) % AV, fire-assay
EZEY = it e — %8 =X R = F L ri— by LUTFEEEIZE AL, BARRF
TR FCHREEREHE IR T IR AR 3 BAFE 7213 4 BRI TR IR 21770 o 7. PRABFR X7 PR
12 & o TAERT 2 BETHAZFEO RIS T T 100 B (Ge, Rh), F 7203 6 B## (Ga, As, Se, Mo, Ru, Pd, Sb,
W, Os, Ir, Pt Au) & L7z, PREE, mhEE Ge Y-E8AREESE AV Cy BREIERAT/2 - 72

[RB U]

PHEFRREAER D E—ZDD As, Se, Sb, I, Au IR0 v AR LT, Ul K> TR ONESBERO—
HER 1,217, 2 b OEREIIRRENERIRIRT) ANEOMIEII T2 > QOZRW, I, Au (22T
FOTBMEIGIVMER B DN Z 2D 2N O DOTRITE—XEEBMICEBEIND L E2 N5 (E 1)
Ga, Mo, W IR Seho 7o 7o, MR E R (R 2). —EEROTZ N HDOTEROBR BRI
BMEL Y BIEVMEE R L. ZDZ L5 5 Ga, Mo, W X B — RIZEBANIEE S TRV RTREMEDS £
b, SREEHE R L—Y—%2 T, fire-assay EIZISIT B ZNODTROEEETHID Z LT, &%
WHED BEHETRUNOBEMTTRIC EOBREEA TE 20 %2R L, 5T 5.

&1 EEIE (ppb) F2 BHRA (ppm)
Ir Au Ga Mo w
JP-1 3.24+0.38 6.89* JP-1 0.0435 0.153 0.0281
nt?! 20 0.23 e’ 0.7 0.087 0.85
FC-1 308+21 872011 FC-1 0.299 1.33 0.216
1’ 325+05 56+14 nt? - 628+085 14+02
Allende 807 + 210 137+2 Allende 4.55 12.7 2.23
iit’ 754+ 23 158+ 6 h’? 6.0 2.5 0.29
* RRHRA ) T BRI SCRRELL T D

230K [1] Imai et al. (1995) Geostand. Newsl., 19, 135. [2] Mao et al. (2000) Geostand. Newsl,, 25, 167. [3] Ozaki (1998)
Ph. D Thesis, TMU, 150pp. [4] Jarosewich et al. (1987) Smithson. Contrib. Earth Sci., 27, 49.



HED R&A DAL
RS RFEAMLERN 8 #&f

[l

RUNEA b, 22— T4 b, FAF T =F A MILEH, SH2HBEOBRLUNS, £
T HED BBAR LT TWS, ZNODEAIT/NREARZAIHARLEEZ LN TWS, /INRE4
N2 ZIIRFEBEMICIC LV BREEEZRFD, WERERBHRERRELTWDZ G, /M
BARZRZEMATHZLITLD ., #ERO X 5 etiE 2 B 0BG RE O WS/ LBRAMREH T
HEHFINTWS, HEDBBRD I BRI AL A MI, #8HETHH2—7 FA bE~<wr bL
MEATHDIZA AT =2FTA4 MBPIRELTTEELDEEZIONTWS, 22— 74 MIF~v I~
PO LEEREEL—27 T4 he, #HRIEH LAMEBEL LEZLAREE2—7 7414 MIHITH
nNad, v 7P bORGENIERLHBOBFRMOBET Ti. H#TELTERLEOKHBEETE
(incompatible element LA F I E)&H BIZRKESE/L L, BlboERN SO LREZ=2—27 74 b
X EBICARFF - Py Ra—2 54 REXTRFLR-hLy Fa—27 54 M bH%,
2= T4 MIZHRILLTWD, £Z T, BFRTIIRI VLA M EERT D ERES I
N5 Z ET HED BBRIIN—THOBRIZOWTEETE A0 TRV EE XL, FUALFLA b
FOXAFT et A bRo2—7 T4 MNEDERECFMENOLRODZEEZBRE L,

(=B iE] .

E ARMAFFEFTH DR S N2 11 B OMBED = — 7 F A4 M(Y-792510.Y-793547, Y-82082,
Y-981651. Y-790260. Y-790266). # A A=+ A F(A-87146. A-87147. Y-791000). F 71
4 FOY-790727, Y-791208 )IZ oW\ T, BN%E vy BAOHTHE( PGA ). #33 EFBURMb AT s
(INAA), HE3FBFHIMEAATE(IPAA) ATV, RETOFER MKEBTELER L,

[RR L B]

LR D2 — 7 T4 NEOZEE LTc, BAHESITIC L > THLONZHENL, KfEAF
® FelMg tht Ti 8FBOBRE Fig. 1IZRT, ZOF 7 7hba—r 54 MNEEZDETH &
NTEAN, SR LEZ6EDO—7 T4 b S H, Y-981651 1T LR AEEH=2—7 T4 Mtk
Fe/Mg LhMEL . LEEFELD RV ENOEFEZ—7 T4 N THDHZ B3 h otz 1.E.
GEENRBVZ—7 T4 MIOWT, Y 793547 iX Fe/Mg Lt DAL /NE WA ZF - h Ly RiZ,
Y-790266 iX L EEHEL & HIC FeMg bR ELT DX AR - F U R-hL U Ra—27 T4 M4y
HFTEBHEEZLNS, Y'790260 & Y-82082 % 1.4 —
T Y-792510 i3 L. E&HBOELA/NE Wi b
22— 4 MNIHEERE, 2BEOKRTIALFA e
N Y-790727 & Y-791208 i Mg D& H BIZMZ 1 foward tes
T Ca DEHAELRINF A FOFEBICALES
BHDThotz, IPDFTA AT =F A FDH
H Y-791000 iTH-VALE A Fo&HEICHH L
Noa—7 54 NPENIRE LEABETHD
T EDHERTE, FNITR L, A-87146, A-87147
ZIEABETHD EEZOLND,

4. ICP-MS (& W HTHEITROEBRE
BEITV., TOERLHLOETEHEIALL A M
BT OBREEEZZEE LTV FETH D, Fe0/Mg0

Fig. 1. Fe0 / NgO vs. Ti0z.
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COTENE) OBRBESIZESITHSA
BEECOHMRBARLER, BDDF>TER
BREMEHEDMICONTEBSITEEEL T
ElCLE, BMOWETRBAINDNBRESH)
FREEREV, 2804 FETCHRBICRBES
NTHSO 3 EM. MEHEPeIDH FREHE
S (RNAA) EREESD - [BBEDOBME
HékttE (CCTIE Re. Ru. Os. Ir, Auw)
RUOHBLIIETR (La D5 Lu) DES|ZEICDL)
TOMRET>TERE, RNAA [FHEHEDHD
D TERICHEHE N DR ETITDTH O,
CO3ERETOMIMEFHDEEEEIRBIL
IZ3FEMTHh-oIE,

D' RNAA EMH TITSIEDISSER 4 4
DR THD, COBDEREIER 2 FHEE,
ERREICRARRIBIECSENE, D RNAA
EESBCEVECEE 4B, BNEEIC
6 HMBPELTLTOELTNS, CTORER
OFRNEBBICENTBERDLSICES.

BHHBOERIBHFIEDD 2 ~ 380
BICREUD, 26 - BERAREZOETEE
BBCHAT D, AEROSLLBIEERPI T,
GHERNICBREB R IDELICIREICE
HT D, REGHPNOERG 1 BRIFEE TR,
BWIC%D, BHRIIKECTSCENSL,
6 BRIDDEFRE 1 B8HL TEHADLS
PR ST RONEROBREE, RED
THEIKIECIDBIDTTOEIRTED
BIEFE DB ELDH B,

FFEHBETL. WYRLCBLTPIL
HUBREFTD, COMRIDSERICHITT
DIEEN—BIFE T, 2ROBFSEBER
T EENWCRDBEDSIEET S, —BB-
CNTERTTHD. 20BESADSHBER
MEILYRDSRHDTEEET, KEFE
B<H S| TRODENRED, LFL
WK EBBICRICE > TRBTEDTEBD,
COBRRBCBITBRCENSSBL, 3886

ARV (REEFNELY) HMEHEFSIPEFBEHCDMICDIUNT

BHAFFRETIHER  TEYH
PEHSHBUTRODHOBEETD, Fi&
CIE2BBICDEUIETTRORBEIMRT UL
BIESRIC 1 DEDRPNIAD. BHTHRDY
BE— OO R TEDHRE. CNHREETT
SET—BELL. BENHPRERSHE”ETH
2., RELICEBBUETRODHE —ERE,
4A8BPS0FITHTRODEICIEZ TER
HEIRCENTED, COBEREZTDED
TRICRD. BEPHSRFIETRODEE.
SBBETICROSED >IEHBETROR
HWEITD, COBICEENEBE>TLDD
T. RRBIFO¥DERAZEBDICENE
DERBRDSDIEEETRD., 588EEAULLHE
THTEODEESTV. COBOREL., &
EZVEDCETODHBRENRTITD, K
SV —BDIDERDIE. RBREDOESD
FE—BORNMTTEERBODHOERE
gD, 6 BBIESEHLSZEERNDBIH - DE
ZT0). KOOKAKYECRERTTHD, =
MK EBBICEPIAEZTHRD., —BE
PH>ENDEE>ECEICTIMMT<, B8R
D—BDRD>TERBPICEDAENF-T
NWBDTRIEFKITEN, HIREESSEE
SINKBEDEZH OBMEHCDERDD D,
ZDAIEEH D,

KIEC DX DBERNTFAD RNAAER DB R
[EBETCN, CORNKIDERBENBC
EEDLNEESBNDICEEHD (FEAE
FE<RND), COBEFEEAEDKREZEE
RIFBADORBRETECI. BBHEW-H><KD
TERNBRTHD. MDEDDEEDLEL
NN, RNAA DSABMICRITBEEMND
B ohdEITd. L. Z<DRHR
ZRER<KAIBICEETE. SONDERE
DEREEE., COZEE RNAA A ICP-MS
DEBBEHRICZOEEVDZDHDODEREICHE
<BODEULBNWKERBRBDTHABD, FA
EZFZ. BUABREMUSNDFET RNAA ZE1T



DTWBALCEBE>ECE>EN, (TRA
TIhLZEN?) CEHDMNDCEELEULED
D.) CTO IEHEDW) ERTNDERRE
DELCBNTHMEDNET o> TNDIHARE
FFETDRLDTHD. RNAA TIHIEMEHE
DRDBABDOMEELUTNDETERAT
TdLEmOTICENSNEN., SEOM
SHEDMDERDIEDICIE. FAEHBFEEBIHRR
BHRET MSHEDHESTE) EEDOND
KOBHARAERREEL TOIKEDLNHDDE
33, TNHSBHKRED. "TELDEPZE
K]DOD. BHULTNCTHERS,
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ZEEHNE. TR 17 EERBKZE TEERFTEMMES (BEHMEOTHESR T20ZEK)
KBWTERAINED DOTYT, BFFEEBRFTOSHI AN, EHEERERBOBREEI T
DZEREZTLIEID, EOBREOHFERFARENFLNDONEXKFAFFAERDO BIGFEZ
LTLINENE bBNEREZ LTS EEIoET—FTT,

BHIAUR BRI D2 ICRKBNINIED S D URREREZ L TT—Y E2BKRLE
MolEDIET, ZOTF—FERNBTRCHED, HBLETHBSET—FELTEZTIED
THRLUWEEEND D E L, BARHBEIROFEF AT MVNED UTAERK S GEN
KRESBREAZERFHETEEITNS, FEREABEIZEEZ RTINSV TL LD,
LhL., BEBCHRFALID EB>TEONSHICES TR, HREATRFAHBIEDR
KBS, BIERM 2N T D00 +0 R HEMENC RS D TIIRBRWTL £ 350,

HKEAMAZEOEDICEERBEINSEVEDETEVE > TFE > EEHIARBEH L

WEBWET, E3BHONESTINVELE,
BARILY A
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TR ZE IR T-4P BRI
SH EW. hE OEE

H#Y

TERZRFIFERFTOHFESF (KUR) id 2006 £ 3 AKZE® > TH 90% D&k
75 HREE (0.58gU/cm®) ZEA L TOEEIIRTT 5, 2 ERITIL 20% KM IC
BEEEZTTAEY I BB (3.2eU/cm®) TEEHZBHETOIENMRELTVWSE, TO
R DRI N IXERBF OB DA SMW EE T, BEOFMAIL IMW E&EOFEICZD
TWwa,
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Table 1 ZAFREAMMIMELDRT—5

I INuclide |Gamma-R| Half-Life | ppm |R-Dev.(%)l LT |

IMW (0.5m) | AL-28 | 1778.7 2.25 MIN |7.32E+04 | 1.18 :
JA1 |IMW (2.5m) | AL-28 1778.7 2.25 MIN |7.02E+04 | 1.96 7.93E+04
SMW (0.5m)| AL-28 | 1778.7 2.25 MIN [6.80E+04| 2.18

IMW (0.5m) | AL-28 | 1778.7 2.25 MIN |6.85E+04 | 1.81
JB1 [IMW (2.5m) | AL-28 1778.7 2.25 MIN |6.37E+04 | 2.14 7.69E+04
SMW (0.5m)| AL-28 | 1778.7 2.25 MIN [ 6.06E+04| 1.37

IMW (0.5m) | AL-28 | 1778.7 2.25 MIN |6.35E+04 | 1.16
JB2 |IMW (2.5m) | AL-28 1778.7 2.25 MIN |6.52E+04 | 1.88 7.76E+04
SMW (0.5m)| AL-28 | 1778.7 2.25 MIN |S5.61E+04 | 3.45

IMW (0.5m) | AL-28 | 1778.7 2.25 MIN |6.94E+04 | 1.20
JG1 |[IMW (25m) | AL-28 1778.7 2.25 MIN |6.99E+04 | 1.75 7.52E+04
SMW (0.5m)| AL-28 | 1778.7 2.25 MIN |6.19E+04 | 1.22

IMW (60m) | AS-76 559.1 26.32 HOR |[3.17E+00 | 11.19

JAL SMW (60m) | AS-76 559.1 26.32 HOR | 2.61E+00| 9.75 2.92E+00

JB1 IMW (60m) | AS-76 559.1 26.32 HOR |2.81E+00 | 11.76 2 48E+00
SMW (60m) | AS-76 559.1 26.32 HOR |2.77TE+H00| 9.40
IMW (60m) | AS-76 559.1 26.32 HOR |3.28E+00 | 8.82

JB2 SMW (60m) | AS-76 559.1 26.32 HOR | 2.55E+00| 11.75 2.98E+00
IMW (60m) | BA-131 | 496.2 12 DAY [3.05E+02 | 10.77

JAL SMW (60m) | BA-131 | 496.2 12 DAY |236E+02| 4.86 3-07E+02
IMW (60m) | BA-131 | 496.2 12 DAY |4.38E+02 | 8.66

JB1 SMW (60m) | BA-131 | 496.2 12 DAY |4.68E+02| 3.16 4.90E+02
IMW (60m) | BA-131 | 496.2 12 DAY |2.91E+02 | 12.94

JB2 SMW (60m) | BA-131 | 496.2 12 DAY |1.84E+02| 8.84 2.08E+02
IMW (60m) | BA-131 | 496.2 12 DAY |4.58E+02 | 5.91

JG1 SMW (60m) | BA-131 | 496.2 12 DAY | 4.02E+02| 2.43 4.62E+02

IMW (0.5m) | CA-49 | 3084.4 8.72 MIN [3.73E+04 | 6.38
JA1 [IMW (2.5m) | CA-49 3084.4 8.72 MIN |3.63E+04 | 8.19 4.06E+04
SMW (0.5m)| CA-49 | 3084.4 8.72 MIN | 3.66E+04 | 5.33

IMW (0.5m) | CA-49 | 3084.4 8.72 MIN |6.03E+04 | 5.52
JB1  |IMW (2.5m) | CA-49 | 3084.4 8.72 MIN  |5.82E+04 | 7.06 6.64E+04
SMW (0.5m)| CA-49 | 3084.4 8.72 MIN |S5.51E+04| 5.68

IMW (0.5m) | CA-49 | 3084.4 8.72 MIN |5.79E+04 | 5.09
JB2  |IMW (2.5m) | CA-49 3084.4 8.72 MIN |5.83E+04 | 6.55 7.07E+H04
SMW (0.5m)| CA-49 | 3084.4 8.72 MIN 15.53E+H04| 4.97

IMW (0.5m) | CA-49 | 3084.4 8.72 MIN {|1.52E+04 | 9.53
JG1 | IMW (2.5m) | CA-49 3084.4 8.72 MIN |1.53E+04 | 11.04 1.56E+04
SMW (0.5m)| CA-49 | 3084.4 8.72 MIN [145E+H04| 6.58




Table 1 SAFREHAMMIMESHT -5 (DT &)

——

Nuclide |Gamma-R]  HalfLift | ppm |RDev(%) #MM |

JA1 IMW (60m) | CE-141 145.4 32.55 DAY - [1.34E+01 7.40 1. 32E+01
SMW (60m) | CE-141 145.4 32.55 DAY |1.11E+01| 5.48 )

JB1 IMW (60m) | CE-141 145.4 32.55 DAY |6.57E+01 | 2.52 6.70E4+01
SMW (60m) | CE-141 145.4 32.55 DAY |[6.70E+01| 1.72 )

IMW (60m) | CE-141 | 1454 | 32.55 | DAY |4.50E+01 | 2.56
1 .
IG! Isviw (60m) | CE-141 | 1454 | 3255 | DAY |4asE+o1] 178 | “S4E*O0!

JA1 IMW (60m) | CO-60 | 1173.2 5.27 YER |L0O9E+01 | 2.80 1 18E+01
SMW (60m) | CO-60 | 1173.2 5.27 YER | 1.06E+01| 1.56 )

IMW (60m) | CO-60 | 1173.2 | 5.27 YER |3.78E+01| 173
Bl [sMw (60m) | CO-60 | 11732 | 527 YER |3.76E+01| t10 | >0 0l

JB2 IMW (60m) | CO-60 | 1173.2 5.27 YER |3.71E+01 | 1.74 3.98E+01
SMW (60m) | CO-60 | 1173.2 5.27 YER |347E+01| 1.10 )

IMW (60m) | CO-60 | 1173.2 5.27 YER |3.70E+00 | 4.56

JG1 - TsMW (60m) | CO-60 | 11732 | 527 YER | 3.75E+00| 239 | OOE+00

JA1 |SMW (60m) | CR-51 320 27.7 DAY |7.71EH00| 6.99 7.30E+00

m et Lo o
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JB1 |SMW (60m) | CS-134 | 795.8 2.06 YER | 1.58E+00| 7.98 1.19E+00

IMW (60m) | CS-134 795.8 2.06 YER |1LO6E+01 | 2.53

J61 SMW (60m) | CS-134 795.8 2.06 YER |[1.06E+01| 1.47 1.02E+01

JA1 IMW (60m) | EU-152 | 1408.1 12.4 YER |122E+00 | 5.29 1.20E+00
SMW (60m) | EU-152 | 1408.1 124 YER | 1.06E+00| 2.86

JBL IMW (60m) | EU-152 | 1408.1 12.4 YER |L50E+00 | 4.93 1.52E-400
SMW (60m) | EU-152 | 1408.1 12.4 YER |143E+00]| 2.76

JB2 IMW (60m) | EU-152 | 1408.1 12.4 YER |9.18E-01 6.68 8.50E-01
SMW (60m) | EU-152 | 1408.1 12.4 YER | 7.67E-01 3.80 U

JG1 IMW (60m) | EU-152 | 1408.1 12.4 YER 7.85E-01 6.23 7 60E-01

SMW (60m) | EU-152 | 1408.1 12.4 YER | 6.53E-01 3.64




Table 1 EAFREAMBIMEN T -4 (DD &)

[ | Nuclide [Gamma-R]  HalfLife | ppm |R-Dev(%) MMl |

IMW (60m) | FE-59 | 1291.6 44.6 DAY |5.09E+04 | 1.40

JAL SMW (60m) | FE-59 1291.6 44.6 DAY | 4.81E+04| 0.94 4.86E+04
JB1 IMW (60m) | FE-59 | 1291.6 44.6 DAY [6.44E+04 | 1.33 6.2TE+04

SMW (60m) | FE-59 1291.6 44.6 DAY [6.37E+04| 0.92

IMW (60m) | FE-59 | 1291.6 44.6 DAY |[1LO2E+05 | 1.15
1.00E+H05

JB2 SMW (60m) | FE-59 | 1291.6 44.6 DAY |9.52E+04| 0.83

IMW (60m) | FE-59 | 1291.6 44.6 DAY [1.48E+04 | 2.20
1.50E+04

61 SMW (60m) | FE-59 1291.6 44.6 DAY |1352E+04]| 1.36
JAL IMW (2.5m) | K-42 1524.6 12.36 HOR |6.79E+03 | 10.25 6.81E+03

SMW (0.5m)| K-42 1524.6 12.36 HOR | 6.52E+03| 7.12

IMW (0.5m) | K-42 1524.6 12.36 HOR |1I7E+04 | 8.19
JB1 | IMW (2.5m) | K-42 1524.6 12.36 HOR |1.26E+04 | 4.78 1.18E+04
SMW (0.5m)| K-42 1524.6 12.36 HOR |1.1SE+04| 5.39

IMW (2.5m) | K-42 1524.6 12.36 HOR |3.20E+03 | 11.56
SMW (0.5m)| K-42 1524.6 12.36 HOR | 3.18E+H03| 9.49

3.57E+03

IMW@©O.5m)| K-42 | 15246 | 1236 | HOR |3.15E+04 | 4.96
" JG1 |IMw(2.5m) | K42 | 15246 | 1236 | HOR |3.29E+04 | 3.21 3.28E+04
5MW (0.5m)| K-42 | 1524.6 | 1236 | HOR |3.14E+04| 2.76

IMW (60m) | LA-140 | 1596.5 40.27 HOR |5.25E+00 | 3.49

JAL oMW (60m) | LA-140 | 15965 | 4027 | HOR |4.97E+00| 2.47 | ~-0E+00
yp1 MW (60m) | LA-140 | 15965 | 4027 | HOR |3.82E+01| 1.52 3.80E+01
SMW (60m) | LA-140 | 1596.5 | 40.27 | HOR [3.89E+01| 1.04
- 3 A A + . -
By MW (60m) |LA-140 | 15965 | 40.27 | HOR |242E+00 | 5.02 2 40E£00
SMW (60m) | LA-140 | 15965 | 40.27 | HOR |[2.40E+00| 3.80
- 3 . . 24E+ ]
jo1 MW (60m) | LA-140 | 15965 | 4027 | HOR |224E+01| 1.93 5 30E+01
5MW (60m) | LA-140 | 1596.5 | 4027 | HOR [2.18E+01] 1.31
Al MW (60m) |LU-177 | 208 6.71 DAY | 4.69E-01 | 5.53 4.60E-01
S5MW (60m) | LU-177 | 208 6.71 DAY | 4.20E-01| 3.37
MW (60m) | LU-177 | 208 6.71 DAY |[3.32E-01 | 816 31001
5MW (60m) | LU-177 | 208 6.71 DAY |3.51E-01| 4.77 e
gy [IMW(60m) |LU-177 | 208 6.71 DAY |3.92E-01 | 7.18 4.00E-01
5MW (60m) | LU-177 | 208 6.71 DAY | 3.80E-01| 4.47
sy MW (60m) |LU-177 | 208 6.71 DAY [4.94E-01 | 4.70 460E-01
SMW (60m) | LU-177 | 208 6.71 DAY | 4.42E-01 | 3.14




Table 1 EAREAMMIMESHT -4 (DT &)

Nuclide |Gamma-R]  HalfLift | ppm |R-Dev.(%) WMl |

IMW (0.5m) | MG-27 | 1014.4 9.46 MIN (2.37E+04 | 8.85
JA1 |IMW (25m) | MG-27 | 1014.4 9.46 MIN |2.65E+04 | 10.89 9.71E+03
SMW (0.5m)| MG-27 | 1014.4 9.46 MIN | 2.22E+04| 7.89

IMW (0.5m) | MG-27 | 1014.4 9.46 MIN [(4.87E+04 | 4.70
JB1 |IMW (2.5m) | MG-27 | 1014.4 9.46 MIN  |5.3]1E+04 | 6.48 4.66E+04
SMW (0.5m)| MG-27 | 1014.4 9.46 MIN | 441E+04| 5.54

IMW (0.5m) | MG-27 | 1014.4 9.46 MIN [3.34E+04 | 6.93
JB2 | IMW (2.5m) | MG-27 | 1014.4 9.46 MIN |3.55E+04 | 7.96 2.81E+04
SMW (0.5m)| MG-27 | 1014.4 9.46 MIN | 2.98E+04 | 6.29

IMW (0.5m) | MG-27 | 1014.4 9.46 MIN |1L.77E+04 | 11.27
JG1 |[IMW (2.5m) | MG-27 | 1014.4 9.46 MIN |1.99E+04 | 11.18 4.46E+03
SMW (0.5m)| MG-27 | 10144 9.46 MIN [1.53EH04| 6.63

IMW (0.5m) | MN-56 846.8 2.58 HOR |[LO9E+03 | 1.15 :
JA1 |IMW (2.5m) | MN-56 846.8 2.58 HOR |1.20E+03 | 1.17 1.16E+03
SMW (0.5m)| MN-56 846.8 2.58 HOR | 1.19E+03| 1.32

IMW (0.5m) | MN-56 846.8 2.58 HOR |1.09E+03 | 1.43
JB1 | IMW (2.5m) | MN-56 846.8 2.58 HOR |1.16E+03 | 1.09 1.24E+H03
SMW (0.5m)| MN-56 846.8 2.58 HOR | 1.19E+03] 3.52

IMW (0.5m) | MN-56 846.8 2.58 HOR |1.52E+03 | 1.19
JB2 |IMW (2.5m) | MN-56 846.8 2.58 HOR |1.62E+03 | 0.96 1.55E+03
SMW (0.Sm)| MN-56 846.8 2.58 HOR | 1.65E+03| 1.30

IMW (0.5m) | MN-56 846.8 2.58 HOR |4.48E+02 | 1.41
JG1 UMW (2.5m) | MN-36 846.8 2.58 HOR |4.84E+02 | 1.69 4.88E+02
SMW (0.5m)| MN-56 846.8 2.58 HOR [ 4.88E+02| 1.62

IMW (0.5m) | NA-24 | 1368.5 15.03 HOR |2.75E+04 | 1.21
JA1 |IMW (2.5m) | NA-24 1368.5 15.03 HOR |2.96E+04 | 0.84 2.86E+04
SMW (0.5Sm)| NA-24 | 1368.5 15.03 HOR | 2.73E+04| 0.77

IMW (0.5m) | NA-24 | 1368.5 15.03 HOR |[1.96E+04 | 1.31 2.07E+04
JB1 |IMW (2.5m) | NA-24 1368.5 15.03 HOR |1.95E+04 | 0.94 2.07E+04
' SMW (0.5m)| NA-24 | 1368.5 15.03 HOR | 1.90E+04 | 0.86

IMW (0.5m) | NA-24 | 1368.5 15.03 HOR |[1.45E+04 | 1.43
JB2 | IMW (2.5m) | NA-24 13685 | 15.03 HOR |1.49E+04 | 0.95 1.51E+04
SMW (0.5m)| NA-24 | 1368.5 15.03 HOR | 1.45E+04 | 0.88

IMW (0.5m) | NA-24 | 1368.5 15.03 HOR [2.38E+04 | 1.34
JG1  |IMW (2.5m) | NA-24 1368.5 15.03 HOR |251E+04 | 0.84 2.49E+04
: SMW (0.5m)| NA-24 | 1368.5 15.03 HOR | 2.32E+04| 0.79




Table 1 ERFREABBIFMENHT—4 (DD E)

[ [ Nuclide [Gamma-R]  Half-Lift | ppm |R-Dev.(%) WMl |
AL MW (60m) TPA-233 | 3119 [ 2695 | DAY [rosE+00 ] 1193 [ .
SMW (60m) | PA-233 | 3119 | 2695 | DAY | 1.02E+00| 7.26 '

IMW (60m) | PA-233 | 311.9 | 2695 | DAY [1.03E+01| 2.41

JBl  ISMW (60m) | PA-233 | 3119 | 2695 | DAY |9.74E+00| 169 | -20E*00
IMW (60m) | PA-233 | 3119 | 2695 | DAY |1.43E+01 | 1.72

JG1 [sMw (60m) | PA-233 | 311.9 | 2695 | DAY | 1.44E+01]| 118 | ~ob'0l
IMW (60m) | SC-46 | 8893 | 83.8 | DAY |2.52E+01 | 0.78

JAL [oMW (60m) | SC-46 | 8893 | 838 | DAY |240E+01| 062 | >o4E*0l
IMW (60m) | SC-46 | 889.3 | 83.8 | DAY |2.41E+01| 0.80

JBL  [sMW (60m) | SC-46 | 8893 | 838 | DAY |2.39E+01| o063 | > *E*0L
IMW (60m) | SC-46 | 889.3 | 83.8 | DAY |4.72E+01| 0.71

JB2  ISMW (60m) | SC-46 | 8893 | 838 | DAY |4.47E+01| o058 | 10E*0l
IMW (60m) | SC-46 | 889.3 | 83.8 | DAY |5.58E+00 | 1.12

JG1 IsMw (6om) | SC46 | 8893 | 838 | DAY |557E+00| o0s0 | &S0E+00
IMW (60m) |SM-153 | 1032 | 46.8 | HOR [3.44E+00 | 141

JAL  IoNIW (60m) | SM-153 | 1032 | 468 | HOR | 3.04E100] 093 | O0E+00
IMW (60m) |SM-153 | 103.2 | 46.8 | HOR |5.32E+00 | 1.26

JBl  ISMW (60m) | SM-153 | 1032 | 468 | HOR |5.17E+00| 0.77 | ~C0E+00
IMW (60m) | SM-153 | 103.2 | 46.8 | HOR |2.76E+00 | 161

B2 ISMW (60m) | SM-153 | 1032 | 468 | HOR | 2.07E+00| 122 | > 0E+00
IMW (60m) |SM-153 | 103.2 | 46.8 | HOR |5.15E+00 | 1.23

.10E+00

JCL oMW (60m) | SM-153| 1032 | 468 | HOR | 484E+00| 076 |

[imw@sm ] TESI | 3197 | 58 MIN |5.18E+03 | 9.44

JAL (iMw2sm) | TSI | 3197 5.8 MIN |6.38E+03 | 11.55 | 5.21E+03
SMW (0.5m)| TI-51 | 319.7 538 MIN | 8.86E+03| 14.19
IMW 0.5m) | TIs1 | 3197 | 5.8 | MIN |7.92E+03 | 7.11

JBL |[IMw(2sm) | TE51 | 3197 5.8 MIN |7.83E+03 | 943 | 8.03E+03
SMW (0.5m)| TI-51 | 319.7 5.8 MIN | 7.29E+03| 7.05
IMW (0.5m) | TI-51 | 3197 | 5.8 MIN |6.57E+03 | 7.79

B2 |iMwsm | 1isi | 3197 5.8 MIN |7.68E+03 | 12.51 | 7.13E+03
5MW (0.5m)| TI-51 | 319.7 5.8 MIN | 7.74E+03| 12.02
IMW (0.5m) | TI.51 | 3197 | 5.8 MIN |2.30E+03 | 15.19

IG1 [1Mw(25m) | TI51 | 319.7 5.8 MIN |2.66E+03 | 18.06 | 1.56E+03
SMW (0.5m)| TI-51 | 319.7 5.8 MIN | 1.40E+03| 18.74




Table 1 EREEABBEIESHT -2 (DT E)

| |Nuclide |Gamma—R| Half-Life ' ppm IR-Dev.(%)I L2 4 |

IMW (0.5m) | V-52 1434.1 3.75 MIN [9.31E+01 | 4.38
JA1 |IMW (2.5m) | V-52 1434.1 3.75 MIN |1.0S8E+02 | 7.01 1.05E+02
SMW (0.5m)| V-52 1434.1 3.75 MIN |1.00E+02| 5.52

IMW (0.5m) | V-52 1434.1 3.75 MIN |[2.04E+02 | 3.39
JB1 | IMW (2.5m) | V-52 1434.1 3.75 MIN |1.90E+02 | 4.86 2.12E+02
SMW (0.5m)| V-52 1434.1 3.75 MIN | 1.73E+02| 3.45

IMW (0.5m) | V-52 1434.1 3.75 MIN |5.04E+02 | 1.73
JB2 [IMW (2.5m) | V-52 1434.1 3.75 MIN |5.25E+02 | 2.64 5.78E+02
SMW (0.5m)| V-52 1434.1 3.75 MIN |4.94E+02| 2.63

IMW (0.5m) | V-52 1434.1 3.75 MIN [3.41E+01 | 9.66
JG1 |[IMW (25m) | V-52 1434.1 3.75 MIN |2.72E+01 | 13.37 2.50E+01
SMW (0.5m)| V-52 1434.1 3.75 MIN |2.06E+01 | 9.35




Table 2-1 BREBEZRIE/FTT—F (EFMm)

5 2% NIES (Human Hair NO.13). IAEA(IAEA-085)
China (FE#R2k GBW-09101)

e mEMEEMA (1 20me)

RARE | ERFmEA G0R)

BHRMHE | KUR Pn-3

B NIES IAEA China

(I3 -) 1MW oMW 1MW 5MW ' 1MW oMW
Mg- 27 3.01E+2 2.33E+2
(1014.4keV) 17.94 1.13
Cu- 66 1.58E+1 | 2.15E+1 | 2.56E+1 | 2.59E+1 | 2.58E+1
(1039.2keV) 15.51 16.08 11.56 15.11 11.48
V -52 4.38E-1 4.48E-1 6.23E-1 0.67E-1
(1434.1keV) 12.17 12.87 11.68 9.72
Al- 28 1.39E+2 | 1.30E+2 | 8.32E+1 | 8.07E+1 | 3.24E+1 | 3.32E+1
(1778.7keV) 2.67 2.58 4.10 3.44 5.01 4.78
Cl- 38 6.75E+2 | 6.11E+2 | 8.94E+2 | 9.64E+2 | 1.73E+2 | 1.73E+2
(2167.6keV) 4.65 4.16 3.75 3.49 8.22 5.98
Ca-49 9.18E+2 | 8.86E+2 | 1.35E+3 | 1.23E+3 | 9.45E+2 | 9.93E+2
(3084.4keV) 17.14 10.82 14.66 10.46 15.09 11.58
S-37 740E+4 | 7.12E+4 | 6.80E+4 | 7.26E+4 | 8.57E+4 | 6.29E+4
(3103.3keV) 13.39 11.17 13.42 11.44 13.98 17.34

EB o#Empm). TB &RAE%)




Table 2-2 fREBEREMEDHTT —F (hFM)
Gy 22 NIES (Human Hair NO.13). [AEA(TAEA-085)
China (T ER B GBW-09101)

AP E hEMEEN (K 50me)
FRaTHERH | PERamIES (60 7))
MK | KUR Pn-2

KA NIES IAEA China

(IR% -) 1MW oMW 1MW oMW 1MW S5MW
Sm-153 2.15E-2 2.23E-2 2.15E-2
(103.2keV) 10.74 4.75 8.00
Np-239 1.29E+0 | 1.35E+0 | Z2.90E-1 2.90E-1 | 7.20E-1 | 6.64E-1
(277.6keV) 6.01 4.99 10.89 10.92 5.46 4.52
Au-198 1.29E+2 1.34E-2 3.09E-2 3.07E-2 | 5.26E-3 | 2.63E-3
(411.8keV) 7.40 6.02 1.69 1.87 6.18 7.79
As- 76 1.32E-1 1.50E-1 | 5.91E-1 | 5.24E-1
(659.1keV) 8.40 17.11 6.59 5.80
Br- 82 1.07E+2 | 1.19E+2 | 3.39E+0 | 3.77E+0 | 6.25E-1 | 6.10E-1

(776.2keV) 0.54 0.63 2.69 2.10 5.15 5.85
Mn- 56 3.86E+0 | 3.28E+0 | 9.38E+0 | 9.02E+0 | 2.89E+0 | 2.67E+0
(846.8keV) 4.40 4.02 1.70 2.78 6.53 4.88
Na- 24 5.59E+1 | 6.82E+1 | 6.72E+1 | 7.56E+1 | 2.48E+2 | 2.66E+2
(1368.6keV) 3.80 4.44 2.47 4.42 1.74 2.58
La-140 1.66E-1 6.77E-2 1.63E-1
(1596.5keV) 6.84 10.28 6.63

EB 7 E(@pm). T 3RE®%)




Table 2-3 E¥RE (EFMm)

Eny a2 NIES (Human Hair NO.13). IAEA(IAEA-085)
China (:REA2E: GBW-09101)

k= EHFMEER (K 50meg)
e | EFmBH (60 7)
&K | KUR Pn-2

i NIES IAEA China

(TAVF ) 1MW 5MW 1MW 5SMW 1MW 5MW
Se- 75 1.75E+0 | 1.64E+0 | 9.30E-1 | 1.07E4+0 | 7.02E-1 | 6.62E-1
( 264.7keV) 6.77 2.91 11.35 4.55 13.52 6.06
Hg-203 3.71E+0 | 3.44E+0 | 6.44E-1 | 6.01E-1 | 1.77E+0 | 1.66E+0
(279.2keV) 2.00 1.02 6.43 1.02 3.26 1.60
Cr- 51 6.58E-1 | 6.89E-1 | 5.14E+0 | 5.22E+0 | 4.65E+0 | 4.51E+0
(320.0keV) 17.26 8.03 3.93 1.92 4.17 2.18
Ag-110m 8.59E-2 | 1.05E+0 | 1.02E+0 3.28E-1
(657.8keV) 13.36 4.98 2.52 4.96
Sc- 46 2.04E-2 | 1.91E-2 | 1.53E-2 | 1.31E-2 3.80E-3
(889.3keV) 5.45 2.79 6.85 3.64 10.00
Co- 60 9.33E-2 | 6.53E-2 | 1.37E-1 | 1.41E-1 | 1.43E-1 | 1.19E-1
(1173.2keV) | 12.31 5.96 9.60 4.28 8.97 4.37
Zn- 65 1.36E+2 | 1.34E+2 | 1.47E+2 | 1.52E+2 | 1.53E+2 | 1.57E+2
(1115.5keV) 1.42 0.77 1.38 0.75 1.36 0.73
Fe- 59 1.23E+2 | 1.27E+2 | 1.18E+2 | 1.29E+2 | 1.02E+2 | 7.96E+1
(1291.6keV) 9.18 3.90 9.40 4.16 9.75 5.

LB HFE@Epm). TE 3EEM)
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