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Sediment transport processes in a reservoir-catchment system inferred from sediment

trap observations and fallout radionuclides

Shinya Ochiai', Masayoshi Yamamoto', Seiya Nagao', Taeko Itono”, Kenji Kashiwaya’
'LLRL, Institute of Nature and Environmental Technology, Kanazawa University
*Graduate School of Natural Science & Technology, Kanazawa University

*Institute of Nature and Environmental Technology, Kanazawa University

Sediment transport processes and their responses to hydrological conditions were
investigated based on sediment trap observations of excess *'°Pb (*'’Pbey), '*'Cs, and "**Cs in
a reservoir-catchment system. The study site is an artificial reservoir Takidani-ike located in
Kanazawa City, Japan (Fig. 1). Deposited sediment samples were collected monthly using
sediment traps and oven-dried at 110 °C to obtain sedimentation rates. Samples collected
from February 2010 to May 2012 were used for radioactivity measurements of *'°Pbyy, " Cs,
and "**Cs by gamma-ray spectrometry using Ge detectors.

Fig. 2a shows the temporal changes in sedimentation flux of *'°Pb, calculated from the
sedimentation rates and 210Pbex concentrations. Sedimentation flux of catchment-derived
210Pbex without the direct fallout flux to the water surface was calculated to be 4.6—48
Bq/m?/day. Sedimentation fluxes of '*’Cs and "**Cs ranged 0.14—1.7 and n.d—0.11 Bg/m?/day,
respectively (Fig. 2b). Assuming that the annual total sedimentation is equal to the annual
total discharge from the catchment, the discharge rates of 2]Ol’bex, mCs, and "**Cs from a unit
area of the catchment were estimated to be 190, 6.52, and 0.444 Bg/m”/year, respectively.
These values are equivalent to 0.71, 0.26, and 3.02 %/year of the inventory of each
corresponding radionuclide. These differences in discharge rates suggest that **Cs freshly
derived from the Fukushima Dai-ichi Nuclear Power Plant accident accumulated in the
erodible surface soil and was a major sediment source on an annual timescale.

The seasonal changes in *’Cs/*'’Pb,, activity ratios in the trap samples corresponded well
to precipitation changes (Fig. 2¢). The increase in '>’Cs/*'°Pby, ratios might be attributable to
erosion by heavy rainfall from the ridge part in which the '*’Cs was heavily accumulated,
although under normal precipitation the erosion from that area is negligibly small (Fig. 1).
The results suggest that precipitation intensity affects the source of eroded sediment and the
transport processes in the catchment. The '*’Cs/*'’Pb,, activity ratio can be used as a sensitive

indicator of precipitation changes in the lake sediment record.
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Fig. 1. Topographic map of Takidani-ike and the spatial distribution of '>’Cs/*'°Pby activity
ratios in the surface soil. Closed and opened circles in the catchment indicate the activity

ratios at depths of 5 cm and 2.5 cm, respectively.
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Fig. 2 (a) Temporal changes in the sedimentation fluxes of *'°Pb,. The solid, dotted, and
dashed lines indicate the total sedimentation flux, fallout flux, and sedimentation flux of
catchment-derived *'’Pbe,. (b) Sedimentation fluxes of '*’Cs (solid line) and '**Cs (dashed
line). (¢) Temporal changes in the 137Cs/*!Pbey activity ratios of Takidani-ike sediment (solid

line) and average precipitation for each sampling interval in Kanazawa City (dashed line).
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Influence of deforestation on transport of particulate organic matter inferred from the

geochemical properties of reservoir sediments in the Noto Peninsula, Japan

Shinya Ochiai', Seiya Nagao', Koyo Yonebayashi’, Taijiro Fukuyama®, Tomoyo Suzuki',
Masayoshi Yamamoto', Kenji Kashiwaya®, Koji Nakamura®*
'LLRL, Institute of Nature and Environmental Technology, Kanazawa University
*Faculty of Bioresources and Environmental Sciences, Ishikawa Prefectural University
*Faculty of Agriculture, Shinshu University

“Institute of Nature and Environmental Technology, Kanazawa University

This study aims to reveal the influence of artificial deforestation and the subsequent
recovery process on particulate organic matter transport in the Noto Peninsula, Japan. Study
site is a small reservoir Bishaguso-ike and its catchment area located in Nanao City (Fig. 1).
Two sediment cores (Core B; 26 cm, and Core B11-3; 88 cm in length), soil, land plant,
aquatic plant and plankton samples were collected from 2009 to 2011. Total organic carbon
(TOC), total nitrogen (TN) contents, carbon and nitrogen isotope ratios (8'°C and 8'°N) were
analyzed for these samples.

The *'°Pb dating of a sediment core showed that the sedimentation rate increased by about
2.7 times in 1975, corresponding to the deforestation and plantation in 1975-1982 (Fig. 2).
The sedimentation rate and TOC sedimentation flux remained high until 1991, suggesting
that the erosion rate of soil and organic matter increased during the 15 years after
deforestation. This intensive erosion was induced by the exposure of bare soil, forest
management practices to remove understory vegetation, and rainfall events. The fast decrease
in sedimentation rate may be attributed to the end of management practices and/or reduced
heavy rainfall at this time.

After the sedimentation rate had recovered to pre-deforestation levels, the sediment §'°C
and 8"°N kept decreasing from the mid-1980s to the present. Based on the estimation of
organic source contribution to the sediment, the decrease of 8"°C and 8'"°N in the sediments
reflects the fact that the contribution of soil and floating-leaved plants have decreased, but the
contributions of plankton, land plants, and submerged aquatic plants have increased (Fig. 3).
These temporal changes in organic matter contribution reflect the gradual recovery of
vegetation, forest regrowth, the accumulation of forest floor organic matter, and the reduction
of soil erodibility. These recovery processes progress relatively slowly, and the change in

organic matter transport continued for at least 35 years after deforestation and plantation.
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Fig. 1. Locations and topographic maps of the Bishaguso-ike reservoir. Dashed line indicates the

catchment area of the reservoir. Open and closed circles show the sampling points of sediment

cores and soil samples, respectively.
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Fig. 2. Temporal changes in (a) sedimentation rate, (b) TOC sedimentation flux. (¢) Maximum
hourly precipitations for one year in Nanao City (present—1979) and Wajima City (1979—present).
Temporal changes in (d) C/N atomic ratio, (¢) "°C, and (f) 8"°N of Core B.
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2™ Am in environmental samples contaminated by the Fukushima

Dai-ichi Nuclear Power Plant accident

Searching

M. Yamamoto
Kanazawa Univ. LLRL

Previous alpha-spectrometric measurements of **'Am and Cm isotopes using soil core
samples (5-7 cm in diameter) contaminated by the FDNPP accident have shown that their
detections were rather difficult or impossible. However, when dust samples containing soil et
al. (black substances) from the roadsides and litter samples heavily contaminated by this
accident were subjected to analysis, low levels of **' Am, ***Cm and *****'Cm, including Z**Pu
and *°?*Pu, were clearly detected by a-spectrometer after radiochemical separation.

For Cm, the following isotopes are important from the standpoints of scientific and
potential radiological concern: 22Cm (Typ = 16294 d, o), 2$Cm (Typ,= 29.1 y, aand
EC) and ***Cm (T,,=18.10 y, o). It is well known that, in the use of nuclear materials with
high fuel burn-up, Cm isotopes (mainly ***Cm and ***Cm) become the major contributors to
total « -activity early in the lifetime and the release of these nuclides into the natural
environment has the potential to cause local contamination and accumulation of its daughter
Pu isotopes. The **Cm from the fuel reprocessing is estimated to be several orders of
magnitude less abundant than either ***Cm or ***Cm. The ***Cm is produced by the nuclear
reaction of *' Am (n, y) ***Am (T, =16.02 h, p—and EC), 82.7% () that decays rapidly in
*2Cm. In addition, ***™Am (T;»= 141 y, IT) can be produced by neutron capture reaction of
' Am: about 10% of the neutron capture reactions yield ***"Am and the rest revert to the
ground state of “*Am.

Until now, only a few environmental

studies on searching ***"Am, have been 100 Decay curve with half-life

conducted in the local areas highly (162.8 d) of 222Cm

contaminated with transuranium "§ / M §'§§§§
elements such as the Irish Sea, which 2 ¥ o Kuro3
received radioactive waste discharges % 10}

from the Sellafield nuclear fuel ; .y

reprocessing  facilities (Dutton and ©

Lovett, 1977, Murray et al.,, 1979; § 1 §
Yamamoto et al. 1998) and, to a small E ix
extent, for global fallout (Holm and §3 h
Persson, 1978). In the natural °©

environment, its detection is rather 015 gég 300 500 300 7000
difficult or impossible. Elapsed time from the date of accident (days)

This time, to ascertain whether ***Cm
detected in the above mentioned environmental samples contaminated by the FDNPP accident
is supported by its precursor ***"Am, the activity ratios of **Cm/*?**Cm have been
measured at some intervals over a period of about 2.5 years. The results are shown in the
upper Figure. The **Cm/***Cm activity ratios decrease exponentially according to the
half-life of >**Cm, indicating the absence of ***Cm supported by ***"Am as of now.

_26_



YRk 2 5 ARRE SRR - RO RS

R 25, 4.22-26, 6.7-14 [ENZEREEAIIERT & BES K AFEITH ALY
4.25-26 (W) MFEAEMBREENIZER kI B K T babht
5.4-10 [UAESR TE I NTF U AT BEERGEDERO T +—17 7 MZLD
fEEY A7 1T 2EEY —2 v a v 7] HEOZO Y 3 o~ HEE
5. SMHBEFE 4 FARE THAD Y X2 7 AR O 154 R/NEHTHERRS
5.17 WEEBEKRY ¥R BERKEARX ETHEDLE
5.30 X&HFZAT HIL ER K, BET 7 X BH EARK FETHE0E
71 BTFEEMWE TSR 3HEA 384 FEE, BB TRIES R F
7.21-28 KRR TAHS(EEK SR ES)-TAPSO(E G LR F 4)-IASPEL(HEE
BN OHERNTME AR AR v ARY T A HEDOTZO AT = —F o ~HiE
7.31-8.3 REEIR e TR A7 I —MESC R FEHEBER T E OV a A by R
T L] HFEOTOR T ~HE
9.22-27 [ 5th Asia-Pacific Symposium on Radiochemistry '13] (5:4:3R) BHfe
10.5-10 EJE##Z [The 34 International Meeting of Amur-Okhotsk Consortium 2013
in collaboration with the Conference on “Sustainable Nature Management in
Coastal Areas] HFEDO = v 7 #EEICHE
Rk 26, 1.30-2.1 JKEREHIIEE ¥ —HEEFENITERT EHHEERE &) BERMETHEDE
1.8, 3.13-14 IRRZF HEHR BH B8 K £ELFENMHIIED 720 KT
3.5-8 BIEMFFEBH BT SR ZERT BARIFZE (T I B Al K REILFEF AT
R, BB TRIES LY
3.6-7 MBULERFIEBAFHEME F— L2V — & — KRZHAE K REIEFEFIAPFEO R HRE .
B/ N i I E = L
3.10-11, 3.14-15 UEBRR7F HEHR K @RK, L 2 % 74757 - 7Y K
2E L FEF AR 72 K
3.13-16 dtimE R HHEAEZER B BN K 2EEEFAIED 720K
3.31 RERFEREASREMZT #d% F1L ER K B/E#TREE CRET A

kR 268 H 19 H~2643 A 31 H MEXELFEDOZD W L7 VA b 7R ~Bin

_27_



TRKE
RAFBEIRIRAREE Y —

R X R — L\ ' He I
T 923-1224 4 I B HE 3E 0l HT A
TEL (0761) 51 — 4440 FAX (0761) 51 — 5528
FE/NERIES  TEL, FAX (0761) 67 — 1740

Low Level Radioactivity Laboratory, Kanazawa University, Wake, Nomi, Ishikawa 923-1224, JAPAN

BERZFERLTNET



	LIG_271372
	271372-低レベル2014
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