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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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Major Lithogenic Contributions to  
the Distribution and Budget of Iron in  
the North Pacific Ocean

Recent studies have elucidated that iron (Fe) is a critical 
trace metal that influences the productivity of marine eco-
systems and the biogeochemical cycles of other elements 
in the modern ocean. However, our understanding of the 
biogeochemistry of Fe remains incomplete. Herein, we re-
port basin-scale and full-depth sectional distributions of 
total dissolvable iron (tdFe), dissolved iron (dFe), and la-
bile particulate iron (lpFe = tdFe – dFe) in the North Pacif-
ic Ocean, as observed during three cruises of the GEO-
TRACES Japan program. We found that lpFe dominates 
tdFe and is significantly correlated with labile particulate 
aluminum (lpAl): lpFe [nmol kg–1] = (0.544 ± 0.005) lpAl 
[nmol kg–1] + 0.11 ± 0.04, r2 = 0.968, n = 432. The results 
indicate a major lithogenic contribution to the distribution 
of particulate Fe. For dFe, the unique distribution is at-
tributed to the combined effects of biogeochemical cycling, 
manganese reduction, and lithogenic contribution. Based 
on concurrent observations of Fe, Al, and manganese (Mn), 
we infer that the width of the boundary scavenging zone is 
approximately 500 km off the Aleutian shelf. We estimate 
the inventory of tdFe in the North Pacific as 1.1 × 1012 mol, 
which is approximately four times that of dFe. Our results 
emphasize the potential importance of lpFe in the ocean’s 
iron cycle.

Precise Analysis of the Concentrations and 
Isotopic Compositions of Molybdenum and 
Tungsten in Geochemical Reference Materials

Molybdenum (Mo) is a redox-sensitive element and its 
concentrations and stable isotope compositions are widely 
used as a redox proxy in paleoceanography. Tungsten (W) 
is an emerging new isotope proxy, which has potential as a 
tracer for hydrothermal and early diagenetic processes. We 
present a new method for the precise and accurate analysis 
of Mo and W concentrations and isotope compositions 
from one single sample aliquot, thus saving mass of a sam-
ple and making the results directly comparable without 
concerns related to analytical or natural sample heteroge-
neity. After acid digestion, Mo and W are separated from 
the sample matrix using chelating resin NOBIAS Che-
late-PA1 and anion exchange resin AG1 X8. Matrix re-
moval is highly efficient: the remaining percentage is 10–2 
to 10–5% with respect to the initial weight. Subsequently, 
samples are measured for Mo and W concentrations and 
isotope compositions using multi-collector inductivity 
coupled plasma mass spectrometry (MC-ICP-MS). For 
mass bias correction and determination of concentrations, 
we use standard-sample bracketing and in addition an ex-
ternal correction method employing ruthenium (Ru) for 
Mo and rhenium (Re) for W. This double correction ap-
proach results in an external reproducibility of or below 
0.10‰ (2SD) for δ98Mo and 0.05‰ for δ186W. We present 
data for Mo and W in 12 geological reference materials 
including igneous rocks, sedimentary rocks, marine sedi-
ments, and manganese nodules. For Mo our method repro-
duces published values for the geological standard materi-
als within analytical error of published values. For W, 
although published data do not always agree for a given 
geological standard material, our data agree within error 
with more recent data. We interpret a cause of the devia-
tions is due to unknown effects of a desolvating nebulizer 
for MC-ICP-MS.

Figure 1. Clean water sampling during the KH-12-4 cruise.




