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Scope of Research
(i) Biogeochemistry of trace elements in
the hydrosphere: Novel analytical methods
are developed for trace metals and their isotopes. Distribution of trace elements in the
hydrosphere and their effects on the ecosystem are investigated. The study also covers
hydrothermal activity, deep biosphere, and
paleocean.
(ii) Ion recognition: Novel ligands and
ion recognition system are designed, synthesized, and characterized.
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TOPICS AND INTRODUCTORY COLUMNS OF LABORATORIES

Topics
Trace Elements Influenced by Environmental
Changes in Lake Biwa: (I) Seasonal Variations under Suboxic Hypolimnion Conditions
during 2007 and 2009
Dissolved oxygen (DO) in the Lake Biwa hypolimnion
reached its lowest level of < 1 mg kg−1 in 2007. Here we
report the variations of total dissolvable (TD), dissolved
(D), and labile particulate (LP) fractions of Al, Si, P, V, Cr,
Mn, Fe, Ni, Cu, Zn, As, Mo, W, and U in Lake Biwa between
2007 and 2009. Al and Fe species were predominantly in
the form of LP-Al and LP-Fe, with a strong correlation
with one another (r = 0.99), suggesting that weathering of
aluminous minerals and supply of clay mineral particles
mainly control the distribution of Al and Fe. Although D-Al
increased in the summer epilimnion, D-Fe was relatively
low, probably as a result of uptake by plants. Reductive
release of Fe from the bottom was not seen. Mn was also
dominated by LP-Mn, but this fraction showed a different
distribution than LP-Al and LP-Fe. The D-Mn and LP-Mn
concentrations varied by factors of 700–1000, showing
marked increases in bottom water during stratification in
2007. We expect Mn2+ to have been released from the sediments and oxidized by DO in bottom water. Ni, Cu, Zn,
and Cr, which exist as cationic species, had LP/TD ratios
of 0.1–0.7 and relatively uniform distributions. Si, P, V, As,
Mo, W, and U, which form oxoacid species, had LP/TD
ratios of 0–0.8. Si, P, and As were characterized by a nutrient-like profile; V, W, and U showed summer maxima in
the epilimnion; and Mo had a uniform distribution. TD-Mo
increased in bottom water in company with TD-Mn, while
TD-V and TD-W showed significant decreases. The results
are likely attributed to differences in adsorption of these
elements onto manganese oxides and iron hydroxides.

Figure 1. Location of the sampling station T1.

Trace Elements Influenced by Environmental
Changes in Lake Biwa: (II) A Regime Shift in
the Hypolimnion over the Last Half-century
The history of the deep north basin of Lake Biwa extends
over 430,000 years. Although it has probably been oxic and
oligotrophic since its formation, human impact has been
changing lake conditions. In this paper, we discuss longterm changes in the chemistry of bottom water by compiling
literature and through our own data over the last half-century. Long-term records show an increase in temperature, a
decrease in DO, and an increase in nutrients in bottom water.
The stoichiometry between oxygen and nutrients indicates
that changes are basically consistent with aerobic decomposition of organic matter. These changes are most likely
the result of global warming and local eutrophication. Of
particular note, yearly minimum DO concentrations of less
than 50 µmol kg−1 have started to occur frequently at ~90
m depth since 1999. Manganese concentrations in bottom
water are at their minimum during the turnover period and
at a maximum during the late stratification period each
year. Yearly minimum Mn concentration has been within
a narrow range over the last 30 years (0.25 ± 0.07 µmol
kg−1, n = 12). However, abnormally high Mn concentrations
(up to 9.3 µmol kg−1) were observed in 2007, caused by
reductive release of a substantial amount of Mn from suboxic sediments and subsequent oxidation in bottom water.
The concentration of arsenic has gradually increased over
the last 20 years in a similar manner with a homologous
element of phosphorus, resulting in an observed range of
17–29 nmol kg−1 in 2010. The accumulation rate was ~0.8
nmol kg−1 yr−1 for As and ~6 nmol kg−1 yr−1 for P.

Figure 2. Mr. Nakajima and a water sampling bottle on board the training
investigation ship Hassaka, belonging to the University of Shiga Prefecture.
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