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(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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Distribution of Stable Isotopes of Mo and W 
from a River to the Ocean: Signatures of 
Anthropogenic Pollution

Molybdenum (Mo) and tungsten (W) are redox-sensitive 
elements, and their stable isotope ratios have attracted 
attention as paleoceanographic proxies. However, our 
knowledge of the distribution of stable Mo and W isotopes 
in the modern hydrosphere remains limited. In this study, 
we provided the concentrations and isotope ratios of dis-
solved Mo and W in the oceans (the North Pacific and 
Indian Oceans), marginal seas (East China and the Sea of 
Japan), and a river-estuary system in Japan (from the 
Uji-Yodo rivers to Osaka Bay). In the North Pacific and 
Indian Oceans, the W concentration was 48.2 ± 6.2 pmol/
kg (ave ± 2sd, n = 109), δ186/184W was 0.52 ± 0.06 ‰, the 
Mo concentration was 105.1 ± 8.0 nmol/kg, and δ98/95Mo 
was 2.40 ± 0.06 ‰. The results indicate that W has the 
constant concentration and isotopic composition in the 
modern ocean as well as Mo. In the East China Sea and 
the Sea of Japan, the W concentration and δ186/184W in the 
upper water (< 1000 m depth) were different from those in 
the ocean (W = 56 ± 18 pmol/kg, δ186/184W = 0.45 ± 0.06 
‰, n = 24). However, the concentrations in deeper water 
were congruent with those in the oceans (W = 49.9 ± 7.6 
pmol/kg, δ186/184W = 0.50 ± 0.02 ‰, n = 7). The Mo con-
centration was 105.4 ± 3.1 nmol/kg and δ98/95Mo was 2.36 
± 0.03 ‰ (n = 31) throughout the water column, congruent 
with those in the ocean. In the Uji River-Yodo River-Osaka 
Bay system, the W concentration reached 1074 pmol/kg 
and δ186/184W reached 0.20 ‰. We propose that the enrich-
ment of W with a low δ186/184W in the river-estuary system 
and marginal seas is caused by anthropogenic pollution. 
Anthropogenic Mo pollution was not detected in marginal 
seas. However, the Mo concentration and δ98/95Mo showed 
high anomalies above the mixing line of river water and 
seawater in the lower Yodo River and Osaka Bay, implying 
possible anthropogenic pollution of Mo in the metropolitan 
area.

Distributions of Zirconium, Niobium, Hafnium, 
and Tantalum in the Subarctic North Pacific 
Ocean Revisited with a Refined Analytical 
Method

Although zirconium (Zr), niobium (Nb), hafnium (Hf), 
and tantalum (Ta) in seawater are potential tracers for water 
masses, their determination is still a challenge in analytical 
chemistry. We have refined our preconcentration method 
using 8-hydroxyquinoline chelating resin (TSK-8HQ) and 
reinvestigated concentration profiles of the four elements 
in dissolved (d) and total dissolvable (td) fractions at five 
different stations from 47 °N, 160 °E to 51 °N, 160 °W in 
the subarctic North Pacific Ocean. The new method has 
saved analytical time and reduced systematic errors com-
pared with previous methods. The concentration ranges 
were 30 – 276 pmol/kg for dZr, 1.0 – 2.6 pmol/kg for dNb, 
0.09 – 0.78 pmol/kg for dHf, and 0.006 – 0.026 pmol/kg 
for dTa in the subarctic North Pacific Ocean. The concen-
trations of Zr and Hf increased from surface water to deep 
water, whereas those of Nb and Ta were nearly constant 
over the water depth. The profiles of dZr, dNb, and dHf 
were consistent with those in previous studies. However, 
we found that dTa is uniformly distributed at 0.015 ± 0.005 
pmol/kg (mean ± sd, n = 75), which is approximately one-
fifth of that in a previous study. It is likely that the previous 
dTa data were affected by a systematic error. Negligible 
differences between td and d fractions suggest that the par-
ticulate concentrations of these elements are lower than 
those reported in a previous study.

Figure 1. Sampling stations of this study: A, global map; B, map of the 
Uji River-Yodo River-Osaka Bay system.

Figure 2. Graphical abstract of this study.


