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Accelerator Mass Spectrometer (AMS) can determine ultra low level
long-lived radioactive isotopes in high sensitivity and precision. Tandetron
AMS, originally introduced at Mutsu Establishment, the former Japan
Atomic Energy Research Institute (JAERI), had been adjusted for the
measurement of 14C and 129I. The AMS has mainly been used for marine
research around the Japan Sea. This AMS has adopted the open door policy
for the general users from the spring of 2006. Recently varieties of research
activities using this AMS have been in progress by many users.

This workshop aimed to not only exchange information on the AMS and
its utilization but also continue stable operation of the AMS. First
JAEA-AMS-MUTSU Utilization Workshop was held at Mutsu office, JAEA
in November 14, 2007. In the workshop 76 participants attended. The topics
of the conference concerned recent utilization status of AMS, data processing
from the AMS, 4C measurement and its application, 12° measurement and
its application, and so on. This proceeding includes 21 papers at the

workshop.
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Accelerator Mass Spectrometry — principle, facilities, applications

Hiroyuki Matsuzaki

MALT(Micro Analysis Laboratory, Tandem accelerator), Department of Nuclear Engineering and

Management, The School of Engineering, The University of Tokyo

The principle, worldwide AMS facilities and a part of AMS applications are briefly surveyed.

AMS is constructed the combination of the mass spectrometry system and the accelerator. As

accelerated up to MeV/nucleon, various techniques can be used for the identification of the

interested nuclide from the interfering isober and iso-molecular ions. Consequently, ultra high

sensitivity of the detection of the cosmogenic nuclides such as 10Be, MC, 26Al, 36C1, 121 is achieved

by AMS. The fact there is no other way alternating the AMS technique makes the research of the

application of AMS very unique and highly valuable.
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Y.N. Volkov: “Circulation in the northern Japan Sea studied chiefly with radiocarbon”
Radiocarbon, Vol.49, No.2, p.915 (2007).
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Status of Recent Utilization of JAEA AMS MUTSU
H. Amano, S. Kabuto and N. Kinoshita
AMS Management Section, Mutsu Office
Aomori Research and Development Center

Japan Atomic Energy Agency

Tandetron AMS was set up at the JAEA Mutsu in 1997. This AMS has been used for the
127

determination of '*C/"*C and "*I''*’L So far, 7075 samples have been measured for the “C-AMS,
and 1317 samples have been measured for the '*I-AMS until the end of September 2007. This

AMS has adopted the open door policy which is periodic filing of applications and judgment for use

twice a year, expecting broad usage including environmental issue and estimation of radioactive

wastes for the general users from the spring of 2006. Eight external assignments have adopted in the

first half of 2007, eleven external assignments have adopted in the latter half of 2007 at the JAEA
AMS MUTSU.
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Operational Status of the JAEA-Mutsu Tandetron AMS

Shoji Kabutol), Naoki Kinoshital), Yukiya Watanabez), Masami Baba® and Hikaru Amano"
1) AMS Management Section, Mutsu Establishment, Japan Atomic Energy Agency

2) Mutsu Marine Laboratory, Japan Marine Science Foundation

A Tandetron AMS (Accelerator Mass Spectrometer) had been set up at the Japan Atomic
Energy Agency (formerly the Japan Atomic Energy Research Institute), Mutsu in 1997. The
AMS features 3MV Tandetron accelerator and two independent beamlines for '*C and '*’I
measurement. In this paper, we describe the current status and troubles for the Tandetron AMS

with the showing of examples from the last year.
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The current condition and utilization of JAEA-AMS-TONO
Tsuneari Ishimaru(l), Tatsuo Saito(l), Mototaka Suzuki(l), Akimitsu Nishizawa®

(1) Neotectonics Reserch Group, Geological Isolation Research and Development Directorate,
Japan Atomic Energy Agency
(2) PESCO Co. Ltd.

JAEA-AMS-TONO, a tandem accelerator mass spectrometry (manufactured by NEC, Type
15SDH-2) was installed at JAEA Tono Geoscience Center for the purpose of sensitive dating of
natural samples: rocks, underground water and so on using radioisotope, in March 1997. Test
operation was started in August 1997, and routine operation was started from September 1997. Some
machine troubles with aging occurred after 6 years passed from the installation, but these troubles
are repaired and routine operation has been continued. From October 2006 JAEA-AMS-TONO
started to permit to use for researchers of universities and other institutes under the Common-Use
Facility Program of JAEA aimed at propagation to utilize JAEA facilities. In 2006, 3 proposals and
107 samples were accepted under this Program at JAEA-AMS-TONO.
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Quality policy on radiocarbon measurement at the JAEA-Mutsu AMS

Shigeyoshi Otosaka'", Hikaru Amano"”, Shoji Kabuto'”, Naoki Kinoshita'” and Takayuki Tanaka ®

(1) AMS Management Section, Japan Atomic Energy Agency

(2) Research Group for Environmental Science, Japan Atomic Energy Agency

Since April 2006, a common use of the JAEA-Mutsu AMS has been available for researchers
inside/outside JAEA. Before the receiving '“C data to the researchers, we calculate pMC (per cent
modern carbon) value and accuracy/precision of the measurement is confirmed according to the

JAEA-Mutsu’s quality policy. In this paper, an outline of the quality policy is described.
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1) T. Suzuki, T. Kitamura, S. Kabuto, O. Togawa, H. Amano: "High sensitivity measurement of
iodine-129 / iodine-127 ratio by accelerator mass spectrometry” J. Nucl. Sci. Technol, 43, (11),
p-1431 (20006).

2) U. Fehn, G. R. Holdren, D. Elmore, T. Brunelle, R. Teng, P. W. Kubik: "Determiantion of natural
and anthropogenic '*’I in marine sediments" Geophys. Res. Lett, 13, (1), p.137 (1986).

3) S. D. Oktay, P. H. Santschi, P. Sharma, J. E. Moran, P. Sharma: "The Iodine bomb pulse
recorded in Missisippi River Delta sediments: Results from isotopes of I, Pu, Cs, Pd, and C"

Geochimi. Cosmochimi. Acta, 64, (6), p.989 (2000).
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Measurement of '’ by JAEA AMS MUTSU and application to study of iodine

migration.
Takashi Suzuki(l), Shoji Kabuto(l), Naoki Kinoshita(l), Hikaru Amano(l), Orihiko Togawa(z)

(1) AMS Management Section, Japan Atomic Energy Agency

(2) Research Group for Environmental Science, Japan Atomic Energy Agency

An iodine beam line had been set up at the AMS facility of the Japan Atomic Energy Agency in
2000. After the acceptance test, this beam line has been contributed a variety of research fields.
In this paper,

The concentrations of 'I in seawater off Sekine were determined by accelerator mass
spectrometry. The fraction of natural origin and anthropogenic 2L is only 2% and 98%, respectively.
The nuclear weapons testing origin and nuclear fuel reprocessing origin ratio is estimated to be 6.3 —
10.0 in this seawater. Taking account of its ratio calculated based on total amount of released T into

the atmosphere, this results indicated a rapid distribution of '*’I on a global scale.
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1) J. E. Moran, S. Oktay, S., P. H. Santschi, D. R. Schink, Atmospheric dispersal of Plodine
from nuclear fuel reprocessing plants, Environmental Science and Technology 33,
pp-2536-2542 (1999).
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NN B3 ATiEIC X AR T 21 0 & Radioisotopes 56(4), pp.155-162 (2007).

3) S. Shima, S. Gasa, K. Iseda, T. Nakayama, H. Kawamura, Distribution of anthropogenic in the water
column off Rokkasho, JAPAN. In: P.P. Povinec, J.A. Sanchez-Cabeza, (Eds) Radionuclides in the
environment: International Conference in Isotopes in Environmental Stuides - Aquatic forum 2004,
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Origin and Chemical Speciation of Anthropogenic lodine-129

S. Shima™", S. Gasa®, H. Amano”, S. Nagao”, M. Yamamoto”, N. Momoshima®,
M. Furukawa”, H. Kimura®, H. Kawamura®

a) Japan Marine Science Foundation, b)Japan Atomic Energy Agency,

¢) Hokkaido University, d) Kanazawa University, ¢) Kyushu University,

f)University of Ryukyus, g) Aomori Prefectural Nuclear Power Safety Center

* Corresponding author: e-mail; hima@jmsfmml.or.jp

Concentrations of '’ in surface seawater around Japan were approximately 2x10” atoms// in literatures.
However, the atomic ratio of iodine to cesium was ten times as high as that of the global fallout. The
origin of '®I in the water columns seems to be difficult to be explained by only the global fallout.
Discharge from European plants was one of possible origins of iodine from the standpoint of air mass
trajectory analysis. Concentration of '*’I in rain water was 10 times higher than that in surface seawater.

Anthropogenic inorganic iodine in surface seawater predominantly dissolved as an iodide ion (I').
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A study on analysis of '*°I concentration in soil by AMS
Y. Kokubun, M. Nakano and M. Takeishi

Environmental Protection Section, Radiation Protection Department,

Japan Atomic Energy Agency

Iodine-129 concentration and '*’I/'*'I atom ratio in soil sample were used to be carried
out by the neutron activation analysis (NAA). The recent development of the accelerator
mass spectrometry (AMS) in JAEA Mutsu makes it possible to measure about 3~4
digits lower level of '®I. Additionally, the AMS has great advantages, such as the
number of sample measurement, the easier sample preparation, etc., comparing with
NAA. The trial measurement for soil sample by AMS confirmed that the atom ratio by
AMS reasonably agreed with that by NAA , nevertheless it was about 20% lower than
that of NAA at maximum.
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[1] Y. Takada, Y. Muramatsu, H. Matsuzaki, K. Kato: "Analysis of [-129 by AMS in soils samples
collected from Japan", Proc. of the Seventh Workshop on Environmental Radioactivity,
pp-235-241 (2006)

[2] Y. Muramatsu, S. Yoshida, U. Fehn, S. Amachi, Y. Ohmomo: "Studies with natural and
anthropogenic iodine isotopes: iodine distribution and cycling in the global environment"

Journal of Environmental Radioactivity 74 pp.221-232 (2004)

Investigation on extraction methods of environmental iodine

Takumi Kubota(l), Tomoko Nakano—Ohta('), Hikaru Amano(z), Takashi Suzuki(z), Yasunori Mahara'"

(1) Research Reactor Institute, Kyoto University,
(2) AMS Management Section, Japan Atomic Energy Agency

In analysis of environmental iodine, samples containing low 1-129 and low iodine amount are
subject to contamination from reagents and apparatus. We measured the isotopic ratio of 1-129/1-127
in brine that was collected at Mobara in Chiba prefecture and was characterized as having a high
iodine concentration and a low isotopic ratio. The results, however, showed high isotopic ratios. We
suspected that the contamination was caused by using halogen containing reagents because the
samples treated with Cl-form anion exchange resin in iodine extraction process were strongly
contaminated. In this study, we have conducted halogen-free extraction processes such as ion
exchange and solvent extraction whose recovery has been investigated with gamma spectrometry of
[-126 produced through photonuclear reaction with the KURRI LINAC. The total iodine recovery
through ion exchange with NO;-form anion exchange resin and solvent extraction with dodecane
was more than 80%. To investigate contamination from laboratory environment, we have compared

Agl samples prepared at KURRI and at another laboratory apart from KURRI
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i

Sea level change in the Holocene epoch at the Shimokita Peninsula

- Jomon transgression and accompanying nature change at the Tanabu plains -

Masayoshi Nara
Shimokita National History Study Society

Jomon transgression and accompanying nature change at the Tanabu plains have been studied from
the view point of sea level change in the Holocene epoch at the Shimokita Peninsula. Radiocarbon
dating about fossil seashells sampled at the Tanabu plains was done using an AMS. Sea level at the
Jomon transgression which occurred around 6,500 years before was estimated to be + 2 m higher

than present-day.
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2) M. Stuiver and H. A. Polach: Discussion Reporting of '*C data, Radiocarbon 19 (3), pp.355-363

(1977).

3) A PSS, BEEE—  AREEO C-14 B L DHFANOHEE, Fehll sEBF =P L LB B4R
W —9—, pp.74-77 (2006.3) .

4) M. Reimer, M.G.L. Baillie, E. Bard et al. : IntCal04 Terrestrial radiocarbon age calibration, 0-26
cal kyr BP, Radiocarbon 46 (3), pp.1029-1058 (2004).

5) T. Goslar and W. Madry : Using the Bayesian method to study the precision of dating by
Wiggle-Matching, Radiocarbon 40 (1), pp.551-560 (1998).
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7) C. Bronk Ramsey, C, J. van der Plicht and B. Weninger : "Wiggle matching' radiocarbon dates,
Radiocarbon 43 (2A) pp.381-389 (2001). C. Bronk Ramsey : Development of the radiocarbon
calibration program OxCal, Radiocarbon 43 (2A) pp.355-363 (2001).

8) H. Kawamura, H. Kofuji, S. Gasa, M. Kamamoto, N. Sawafuji and M. Mori : Carbon-14
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environmental studies, Radiocarbon 49 (2), pp.1045-1053 (2007).
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Use of JAEA Mutsu AMS facility at Japan Marine Science Foundation — a history
and current situation

Hisao Kawamura, Shinichi Gasa, Hisaki Kofuji and Natsuko Akihama
Mutsu Marine Laboratory, Japan Marine Science Foundation
4-24 Mutsu-shi, Aomori 035-0064

AMS measurements on samples for marine environmental studies as well as small
number of geological and archeological samples were made at Japan Marine Science Foundation by
using the Tandetron AMS facility of Japan Atomic Energy Agency at Mutsu, Aomori Prefecture for
"C since 2001, and "I since 2006. In this report, an early historical relationship of this institute to
JAEA Mutsu AMS, past applications until 2006 and a few examples of obtained results are described.
Approximately seven hundred '*C measurements were carried out for seawater, marine sediment and
tree-ring samples as well as geological and archeological materials. About one hundred '*I
measurements were made for seawater samples in 2006.

Three glass-made vacuum lines are in operation for seawater DIC, preparation and purification
for the general purpose, and graphitization. Dating calculations are made on the total '*C count and
individual "*C current measurements following Stuiver and Polach.

Two wooden pillars excavated at Sannai Maruyama Jomon site were dated using small parts
from them and by wiggle matching methods first based on Pearson’s and later being based on a
Bayesian method, respectively and more recently by OxCal 4.

As an alternative means for a long-term measurement of atmospheric '*C concentrations and
as part of marine environmental studies, tree-rings were analyzed using core samples from standing,
live, Japanese pine trees. In parallel, '*Cconcentrations were measured for rings from a partial disk
of an old Japanese cedar tree near Aomori City. Both results were in agreement during the period
1990-2000. The latter data during 1945-2000 showed influences of the large-scale atmospheric
nuclear weapons tests; small differences being found between the present and literature data in
1970s suggesting need for further study on possible local effects.

Iodine-129 with added carrier in sweater was extracted as molecular iodine with hexane after
reducing iodate to iodide. lodine was back-extracted into aqueous phase and precipitated as silver
iodide which finally mixed with niobium metal powder and pressed into a target piece for AMS
measurement. Stable iodine was determined by an ion chromatograph with a UV detector. Addition
tests using NIST standard solutions agreed well with theoretical values. Analytical results by the
present method were generally in agreement with the reported data on the same samples that were

analyzed by IsoTrace Laboratory of Toronto University, including preparation.
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1) P J Reimer, M G L Baillie, E Bard, A Bayliss, ] W Beck, C J H Bertrand, P G Blackwell, C E
Buck, G S Burr, K B Cutler, P E Damon, R L Edwards, R G Fairbanks, M Friedrich, T P
Guilderson, A G Hogg, K A Hughen, B Kromer, G McCormac, S Manning, C B Ramsey, R W
Reimer, S Remmele, J R Southon, M Stuiver, S Talamo, F W Taylor, J van der Plicht, C E
Weyhenmeyer “INTCALO4 terrestrial radiocarbon age calibration, 0-26 cal kyr BP”
Radiocarbon, 46(3), pp.1029-1058 (2004)

2) B Kromer, S W Manning, P I Kuniholm, M W Newton, M Spurk, I Levin “Regional 1C0, offsets
in the troposphere: magnitude, mechanism, and consequences” Science 294:pp.2529-2532
(2001)

3) M Sakamoto, M Imamura, J van der Plicht, T Mitsutani, M Sahara “Radiocarbon calibration for
Japanese wood samples” Radiocarbon, 45(1), pp.81-89 (2003)

4) M. Imamura, H. Ozaki, T. Mitsutani, E. Niu, S. Itoh: “Radiocarbon wiggle-matching of Japanese
historical materils with a possible systematic age offset”, Radiocarbon, 49(2), pp.331-337
(2007).

3) M Sakamoto, A Kodaira, M Imamura “An Automated AAA preparation system for AMS
radiocarbon dating” Nuclear and Instrumental Methods B, pp.223-224, pp.298-301 (2004)

Radiocarbon measurements of tree-ring samples from Japanese woods

Hiromasa Ozaki(l), Minoru Sakamoto(l), Mineo Imamura(l), Takumi Mitsutani®

(1) National Museum of Japanese History, The National Institutes for Humanities
(2) National Research Institute for Cultural Properties, Nara

Since radiocarbon age is a model age based on constancy of atmospheric radiocarbon
concentration and a provisional value of 5568 years for the '*C half-life, calibration to calendar age
is required for practical dating. The dataset, called IntCal, used for the calibration has been
constructed by international consortium. Most parts of the IntCal have been based on the
measurement of radiocarbon in dendrochronologically dated tree-ring samples from woods in
Europe and North America.

Regional offsets, which are designated as differences of local atmospheric radiocarbon from
IntCal, have been pointed out based on recent radiocarbon measurements for tree-ring samples from
a few regions. We have also measured radiocarbon of tree-ring samples from Japanese woods in
order to investigate regional offsets in Japan.

In this study, radiocarbon measurements for tree-ring samples from three different Japanese
woods at around AD500 were carried out. Consequently, differences from IntCal04 at around AD500
were confirmed, although no systematic offset are found. However, the results obtained in this study
agree with the raw data used for construction of IntCal04. This could pose a question to calculation
method of IntCal04.
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1) H.Sakurai,W.Kato,Y.Takahasi,K.Suzuki,Y.Takahasi,S.Gunji,F. Tokanai: "'*C Dating of
~2500-yr-old Choukai Jindai cedar tree rings from japan using highly accurate LSC measurement"
Radiocarbon vol.48 No.3  pp.401—408 (2006)

2) Bronk Ramsey C.2005. OxCal program v3.10 [software and online manual]. URL:

http://www.rlaha.ox.ac.uk/oxcal/oxcal.htm.

3) Reimer PJ, Baillie MGL, Bard E, Bayliss A, Beck JW, Bertrand CJH, Blackwell PG, Buck CE,

Burr GS, Cutler KB, Damon PE, Edwards RL, Fairbanks RG, frindrich M, Guilderson TP,Hogg
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AG, Hughen KA, Kromer B, McCormac G, Manning S, Bronk Ramsey C, Reimer RW,
Remmele S,Southon JR, Stuiver M, Talamo S, Taylor FW, van der Plicht J, Weyhenmeyer CE.
"IntCal04,terrestrial radiocarbon age calibration, 0-26 cal kyr BP. " radiocarbon 46(3):pp.1029-58
(2004)

4) .Genevey, Y.Gallet ,.C.Margueron J.Geophys.Res vol108 (2003)

1C concentrations in the old woods at 6000yrBP and the variations of cosmic rays

Taiichi Sato‘!’ Hirohisa Sakurai‘"’, Huyuki Tokanai‘!’, Yui Takahasi‘!’, Suzuki Kayo‘!’,
Shuichi Gunji‘'’, Tosiaki Tateisi‘®>’ , Makoto Nakata‘?’
Hiroyuki Matsuzaki‘®’, Yoko (Tsuchiya) Sunohara‘®’
(1)Dept. of Physics, Yamagata University
(2) Nigata University The Niigataken Chuetsu-oki Earthquake in 2007 research group
(3)Micro Analysis Lab.Tandem accelerayor,The University of Tokyo

A large quantity of old woods was recently excavated with the Chuetsu-oki Earthquake in the bottom
of the sea of near the Izumozaki-oki Nigata Prefecture. First of all, we have measured the
radiocarbon ages for the three samples to identify the calendar ages of the woods. The radiocarbon
ages were 5357 + 45 yrBP, 4573 £ 52 yrBP, and 4812+ 52 yrBP, respectively. Using the OXCAL
program, the calendar ages were calculated in the range from 6300 yrBP to 5100 yrBP. The IntCal04
data shows that the '*C concentrations with the era are very variable with 20%o variations. We show

a plan to investigate '*C concentrations of the old tree rings around 6000 yrBP.
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Antarctic ice with the MALT-AMS system at the University of Tokyo" Nucl. Instr. and Meth. B,
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What can we expect from '*C analysis of recent and fossil plants from the Aomori

prefecture?
Kazuho Horiuchi'"”

(1) Department of Earth and Environmental Sciences, Faculty of Science and Technology, Hirosaki

University

Microscale, regional, and mesoscale carbon dynamics are now becoming one of the promising
subjects of "*C analysis with accelerator mass spectrometry. In this paper, I propose a few fruitful
research subjects with '“C content of recent and fossil plants from the Aomori area, northeast

Honshu Island, Japan.
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Fig. 1 Sampling sites of the tree for 14C

DRSS S Z V), 20X 5 RBEEI2iE, Hl measurement, in Ishikawa
R Y [ 18 N prefecture, Japan.

ERED D BT HRERELICEN D AMS 15 Fine lines on the figure represent
WCHE D 72T 72 B0, TnHEBETDH L, rivers in Ishikawa prefecture.
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a z i_\‘_a_ Table I Comparison of reproducibility on the A '*C values between the analyses of four individual cellulose
o samples prepared from the same wood chips.
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HeL7=F v 2 e ERE 24U4 1.2807 5000 805.7 + 8.1
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Table 2 Comparison of reproducibility on the A '*C values between the analyses

LSC {£ L AMS (£ 2k A ﬁ:% D of three individual graphite targets prepared from the IAEA code C-6 sucrose.
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q% W— {E h«( W ZD ?R“C ﬁ: fcil/ N, ﬁé All samples were measured using accelerator mass spectrometer, JAERI-AMS.
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1) Y. Yamada, K. Yasuike, M. Itoh, N. Kiriyama, K. Komura: "Carbon-14 dating of tree rings for
trittum measurement” J. Radioanal. Nucl. Chem., 227(1-2), p.37 (1998).
2) Y. Yamada, K. Yasuike, K. Komura: "Temporal Variation of Carbon-14 Concentration in

Tree-ring Cellulose for the Recent 50 Years" J. Nucl. Radiochem. Sci., 6(2), p.17 (2005).
3) W 2555, 2 BHT "BIAERT O R ) T APRE KON CIRE DA )1 B
Bty 7 77 0 o FdEmEE (FIR) | 43 (2003).

Comparison of Liquid Scintillation Counting Measurement
with Accelerator Mass Spectrometric Measurement

Yoshimune Yamada(l), Kaeko Yasuike(l), Hikaru Amano®

(1) Faculty of Pharmaceutical Sciences, Hokuriku University

(2) AMS Management Section, Japan Atomic Energy Agency

Concentrations of organically-bound C in the tree-ring cellulose samples were analyzed by
the accelerator mass spectrometric measurement (hereafter the AMS measurement) and
compared with those of the same samples by the liquid scintillation counting measurement (hereafter
the LSC measurement). This was done to determine the reliability of LSC measurement. An
important result is that the A'*C values analyzed by the AMS measurement demonstrated lower
levels of approximately 15%o than those by the LSC measurement. These deviations are considered
to be caused by indeterminate errors in the counting of the specific activity of the standard reference
of "C used for the LSC measurement. The synthesized benzene prepared from NIST oxalic acid

(SRM4990C) was used as the standard reference of '*C in the LSC measurement.
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Seawater movement in the Japan Sea inferred from C measurement in seawater

Shigeyoshi Otosaka'", Takayuki Tanaka'”, Orihiko Togawa'", Hikaru Amano™®

and Takafumi Aramaki®

(1) Research Group for Environmental Science, Japan Atomic Energy Agency
(2) AMS Management Section, Japan Atomic Energy Agency

(3) National Institute for Environmental Studies

Research Group for Environmental Science, JAEA has carried out oceanographic
observations in the Japan Sea since 1997 to clarify the biogeochemical cycle in the Japan Sea.
More than 3,000 seawater samples for measurement of radiocarbon were collected during the
observations, and radiocarbon in the seawater samples was measured at AMS facility in JAEA
Mutsu. In this paper, formation and circulation of water mass in the northern Japan Sea were
discussed using analysis of radiocarbon and hydrographic data (e.g. salinity, temperature,

nutrients).
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Biogeochemical cycle of particulate organic carbon in the Japan Sea
and northwestern North Pacific.

Shigeyoshi Otosaka'”, Takayuki Tanaka'", Orihiko Togawa" and Hikaru Amano"" ®

(1) Research Group for Environmental Science, Japan Atomic Energy Agency

(2) AMS Management Section, Japan Atomic Energy Agency

An apparent age of particulate organic matter (POM) in seawater that is estimated from isotopic
ratio of radiocarbon is convenient indicator for verifying transport processes of biogenic materials in
the ocean. However, it is suggested that the isotopic ratio of radiocarbon also reflects a mixing of
“old” POM from the surrounding regions and/or seafloor as well as an age of the POM. In this
study, we discuss the cause of the variation in apparent age of POM from radiocarbon measurements
of various particulate materials obtained at the northeastern Japan Sea and the northwestern North

Pacific.
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Development of analysis system of dissolved organic radiocarbon and

study on its circulation in sea water
Takayuki Tanaka' ,Shigeyoshi Otosaka'”, Hikaru Amano ® and Orihiko Togawa(])

(1) Research Group for Environmental Science, Japan Atomic Energy Agency

(2) AMS Management Section, Japan Atomic Energy Agency

Radiocarbon of dissolved organic matter in seawater gives the information on the dynamics and
origin of dissolved organic matter, but there are very few data in the world ocean because of the
difficulties of the measurement technique. In this study, we tried to develop the analysis system of
dissolved organic radiocarbon, and then obtained its vertical profile in the Japan Sea. The precision
of A™C values of the standard material was less than 4 %, for the developed system, indicating that
the system achieved the accurate isotopic results. We found that the A'*C of deep water in the
Japan Sea were the highest in the world deep water, mainly caused by the difference in the

circulation of deep water.
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Evaluation of carbon cycle in forest by using radiocarbon as a tracer
Mariko Atarashi—Andoh(l), Jun Koarashi(l), Shigehiro Ishizuka(z), Takeshi Saito(3), Keizo Hirai®

(1) Research Group for Environmental Science, Japan Atomic Energy Agency
(2) Department of Forest Site Environment, Forestry and Forest Products Research Institute

(3) Tohoku Research Center, Forestry and Forest Products Research Institute

Introduction

Radiocarbon ('*C) is an effective tracer in investigating the carbon dynamics in the environment. In
this study, the measurements of '“C in soil organic matter (SOM) in a cool-temperate deciduous forest
were used to determine the mean residence time and CO, production rate. The contribution ratios of
different soil CO, sources (SOM, litter and root) to CO, flux from the forest floor were estimated based
on the results.
Experimental methods

Field experiments and soil sampling were conducted in the Appi forest meteorology research site

(API) in Iwate prefecture, Japan. Stands in API consist dominantly of Japanese beech (Fagus crenata)
and the ages are about 70 years. Soil cores (5 cm in diameter, 20 cm in depth) and litter (L and F layers)
were collected in July and October of 2005. The '*C isotopic ratio (A'*C) was measured using accelerator
mass spectrometry (AMS) in the Mutsu Establishment of the Japan Atomic Energy Agency.
Results and discussion

A"™C has a peak at a depth of 4~6 cm, which is ascribed to anthropogenic e produced by
atmospheric nuclear-weapon tests in the early 1960s. To determine the mean residence time of
organic matter, we used a simple decomposition model similar to Hsieh’s model” and the
radiometric dating method. The decomposition rate of organic matter in each layer was derived by
dividing the carbon storage by the estimated mean residence time. The decomposition rate in litter
(L+F), recognizable plant debris (RPD) in soil and SOM in 0~20 cm soil layer were summed to 0.47
kgC m” y’1 and the contribution of litter (L+F) was estimated to be 51% of heterotrophic respiration,
though the carbon storage was only 6.1%. The SOM in the depth of 6~20 cm contained about 66%
of total carbon, but the decomposition rate was estimated as only 0.03 kgC m” y’l. Ishizuka et al.”
estimated the annual CO; flux from the forest floor in the Appi site to be 0.67 kgC m™ y’l. Based on
this and our results, the contribution ratios of CO, sources to soil respiration in the Appi forest were
estimated as: 29% from root respiration, 52% from litter and RPD decomposition and 19% from

SOM decomposition.

References
1) Hsieh, Y. -P., Soil Sci. Soc. Am. J., Vol. 57, pp.1020-1022 (1993)
2) Ishizuka et al., Ann. For. Sci., Vol. 63, pp.537-546 (2006)
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3.11 Soil gas CO; and its carbon isotope analyses in the semi-natural woods on
the campus of Hokkaido University

Ryoko Fujiyoshi*", Yukihide Haraki", Takashi Sumiyoshi" and Hikaru Amano®
! Graduate School of Engineering, Hokkaido University, Sapporo 060-8628
) Aomori Research and Development Center, Japan Atomic Energy Agency,
Mutsu-city 035-0064, Aomori Prefecture

* Corresponding author: e-mail; fuji@eng.hokudai.ac.jp

Carbon dioxide in soil air has been monitored in the holes at 30 and 100 cm in depth under a
cool-temperate deciduous stand on the campus of Hokkaido University since June in 2007. Air
samples were collected periodically from the holes, and also from the atmosphere in the woods (2 m
in height from the soil surface). Carbon isotopic analyses of the CO, samples were performed by
AMS at the Mutsu Facility of the Japan Atomic Energy Agency (JAEA-AMS-MUTSU).
Preliminary results show that CO, in the woods including the air at 2 m in height may result from
mixing of atmospheric air and soil components of various sources, such as CO, from contemporary
soil organic matter and old carbon of deep source to a varying degree depending on meteorological

and biological conditions.

1. Introduction

Carbon dioxide is one of the most controversial materials in the world because of its effect on
global warming. Among a great many studies on CO, in various compartments of the earth,
evaluating the behavior of CO, in soil-atmosphere systems are known to be difficult due to a variety
of sources like respiration of living organisms, decomposition of soil organic matter and weathering
of subsoil mineral components.

The present authors have measured soil radon (***Rn) in the same point in the woods since June
in 2002 to elucidate factors controlling its level and variability (Fujiyoshi et al., 2005). They have
found that temperature is a predominant meteorological parameter controlling radon level in all the
seasons except for winter. After lingering snow in December, activity concentration of “*Rn has
been kept low reflecting the soil temperature (0°C) at 30cm in depth. However, there appeared
several radon “anomalies” during winter, which were closely related to a difference in barometric
pressure between the atmosphere and the soil.

The aim of this study is therefore to trace the origin of soil air including CO, and ***Rn in
sub-boreal semi-natural woods with relatively small anthropogenic intervention. It is clear that

carbon isotopic analyses (8'°C, A'*C) are an excellent tool for this purpose.

2. Methods
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The observation point is located on the campus of Hokkaido University, Sapporo, Japan.
Geology of the site was reported to be of alluvial sediment derived from Toyohira River about
20,000 years ago (Kato et al., 1990). The subsoil consists of clay, silt and fine sand down to a
depth of 20-30 m (Oka et al., 1991). The surface soil in the semi-natural deciduous woods
appeared litter, humus and then clayey from the uppermost to a depth of 50 cm sequentially.

A CO;probe (TESTO435, TESTO, Germany) was emplaced in the hole at 30 cm (and 100 cm) in
depth. It measured CO, concentration, soil temperature, humidity and barometric pressure every 10
min to store a set of data obtained in the data logger. Air samples were periodically collected with
a pump (MP2100H, Shibata Science) to an aluminum bag of 3L (or 30L) in volume through a
dessicant (anhydrous CaSQ4, W.A. Hammond Drierite Company, US) in glass tube. Special care
was taken not to include atmospheric air during soil air sampling. The samples sent to the Mutsu
Office were on the pretreatment of dehydration and purification using freezing agents (a mixture of
ethanol and dry ice, and liquid nitrogen), reduction of refined CO, samples to graphite with
hydrogen gas (99.99995%) and high purity iron powder (>99.9%) as a catalyst at 650 °C for 5 hrs in
an electric furnace. The graphite obtained was then prepared for a target sample for AMS (JAEA
MUTSU-AMS; Model 4130-AMS, HVEE, Netherland).

3. Results and discussion

Figure 1 shows daily change in soil gas CO, monitored at the depths of 30 and 100 cm in the
woods from June to August in 2007.  The CO; concentration in soil air appeared diurnal-low and
nocturnal-high, and consistently higher at deeper depth (100 cm) than shallower portion (30 cm) of
the soil. Sudden increase in CO, concentration appeared in late August, which may be associated

with increasing underground biological activity.

Daily change in soil gas CO, in the semi-natural Daily change in soil gas GO, in the semi—natural
woods at a depth of 30cm woods at a depth of 100cm
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Figure 1 Daily change in soil gas CO, monitored at the depths of 30 and 100 cm in the woods from

June to August in 2007.
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The result of carbon isotopic analyses was shown in Table 1 as an example. The table includes
data on reduction reaction yield (graphite formation), 5"°C (vs PDB) and *C/"*C (6"°C = -25 %o) of
the samples as well as those on IAEA reference materials. More than 80 % of the graphite was
recovered in most of the samples except for one collected in the morning of Sep. 6, 2007. It may
be caused by a mistake of weighing Fe powder as a catalyst of CO, reduction.

Table 1 Results of carbon isotopic analyses of air samples as well as reference materials

Sample Yield (%) | 8"C (vs PDB) 4C/"C + error
Air (Sep.5 2007) 83.8 -11.5 1.03x10"% 33x10™"
Air (Sep.6 am 2007) 82.5 -12.0 1.01 3.3
Air (Sep.6 pm 2007) 85.0 -11.4 0.995 3.3
Soil30 (Sep.6 am 2007) 31.3 -22.0 0.920 3.2
Soil30(Sep.6 pm 2007) 70.5 -21.0 0.926 32
Soil100 (Sep.6 am 2007) 87.0 -23.3 0.895 3.1
Soil100 (Sep. 6 pm 2007) 86.0 -23.1 0.889 3.1
Reference materials Date: Sep.25-27 2007
Background '*C/"*C: 2.44x 10" + 1.8 x10™°
Modern "“C/*C: 1.01 X102 +3.2X 107
Reference materials: pMC 8"*C (vs PDB)
TIAEA-C6 148.7+ 1.8 -10.34
TIAEA-C5 23.3£0.12 -25.00

Figure 2 shows relations of carbon isotope ratio

(8"°C vs A'"C) of atmospheric and soil air o} d o
samples collected in February and September in 50l 2] 1
2007. Stable carbon isotopic ratio (8"°C) of — 100l |
CO; in atmospheric air in the woods was clearly xS h

lower than that for open air reported in the ¢B/ 1501 |
literature (Takahashi et al., 2004, Mayorga et al., ‘_4 -200 |- T
2005). Radiocarbon isotopic ratio (A'*C) in soil -250 | 4 Air 2m 1
air is generally lower at deeper portion (100 cm) -300 7Feb 205037 tH  Soil 100cm ||
than a shallower depth (30 cm) of the soil. The 24 -éZ -éO -1‘8 -1‘6 _1‘4 _1‘2 10
result was not consistent with those obtained by 813 C (%o)

Liu et al (2006) who showed little difference in , i 3 14
Figure 2 Relation between & "C and A™C

A"™C of soil air with depth under a Japanese larch . . o
values in atmospheric and soil air samples

stand in Aichi Prefecture, Japan. Such a differ- .
collected in February and September, 2007.
ences in carbon isotopic data in soil air may be

caused by a difference in soil properties. The plots of A'*C against 8'"°C in atmospheric and soil air
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samples gave a linear relationship except for one obtained at a depth of 100 cm in February in 2007.
Considering isotopic ranges of several carbon sources in atmosphere-soil systems (Mayorga et al.,
2005), the results shown in Fig. 2 suggests that CO, in the present woods are of the mixture of
atmospheric air and soil components of various sources, such as respiration of plant roots, micro
(and macro) organism and old carbon like carbonate minerals from deep source.

Further investigation should be conducted to identify potential CO, sources by collecting solid

soil components including plant roots and humic substances in the woods.

4. Summary

Monitoring of CO, and its carbon isotope analyses were carried out for atmospheric and soil air
samples in the sub-boreal deciduous woods on the campus of Hokkaido University, Sapporo, Japan.
Concentration of CO, varied daily and seasonally depending on meteorological and biological
conditions at the site. Carbon isotopic composition of CO, (8"°C, A'*C) was found to be a powerful
indicator for estimating the origin of CO; in soil environment. Further investigation should be done
to find potential source(s) of CO, present in the soil, and to collect data on long term monitoring of

soil air components.
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Analysis Methods of Inorganic C-14 in Air and River Water using an AMS

H. Amano #*, M. Yamamichi ?, M. Baba P, N. Momoshima 9, S. Sugihara ©,
Y. Ueda ¥ and Y. Nakamura @
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Analysis methods of inorganic C-14 in air and river water using an AMS (Accelerator
Mass Spectrometer) have been developed. Air, once sampled in an aluminum bag using a
mini-pump after removing moisture, is introduced in a glass vacuum line. Then, carbon
dioxide is purified and treated to prepare graphite for the AMS measurement. River water,
sampled in 0.5 or 1.0 L of glass bottle, is chemically processed in two steps. These are the
stripping of COz from the inorganic carbonic and dissolved COz in river water, and the
making of graphite from this CO2. These method are simple and effective for the
determination of isotopic ratios of carbon in air and river water. Some measurement

examples and analysis of carbon isotopic ratios in air and river water are shown.
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