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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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Sources of Particulate Ni and Cu in the 
Water Column of the Northern South China 
Sea

We present isotope ratios of Ni (δ60Ni) and Cu (δ65Cu) in 
sinking particles, aerosols, and seawater collected from the 
northern South China Sea. In aerosols, δ60Ni values are in 
the range +0.05‰ to +0.56‰, and δ65Cu values are in the 
range −0.33‰ to +0.83‰. The isotope ratios are different 
from those of lithogenic materials, indicating that the aero-
sols are anthropogenic in origin. In sinking particles col-
lected at depths of 2,000 and 3,500 m, δ60Ni values are in 
the range +0.01‰ to +0.54‰ at 2,000 m and −0.18‰ to 
+0.54‰ at 3,500 m, and the values exhibit a similar temporal 
variation pattern between 2,000 and 3,500 m. Based on the 
significant correlation between δ60Ni and the ratio of P/Ni 
or organic-C/Ni, we hypothesize that the main sources of 
Ni in the sinking particles originate from both resuspended 
marine sediments off southwest Taiwan, and biogenic or-
ganic particles. The δ60Ni in biogenic particles is estimated 
to be +0.6‰ to +1.0‰, which is 0.3–0.7‰ lighter than that 
of dissolved Ni in seawater. The isotope ratios of Cu in 
sinking particles are fairly constant (+0.13‰ to +0.36‰), 
and the range is between those of marine sediments and 
labile fractions of marine particles. Thus, Cu in sinking 
particles is likely to be from marine sediments and biogenic 
organic particles. Compared with Ni, the correlation be-
tween Cu and P or organic-C is weaker, suggesting that the 
Cu/P and Cu/organic-C ratios are not constant in organic 
matter or there are additional sources of particulate Cu, 
such as Fe-Mn oxides and anthropogenic aerosols.

Determination of the Tungsten Isotope 
Composition in Seawater

The stable isotope ratio of W is a new tracer in oceano-
graphic studies and a new proxy in paleoceanographic 
studies; however, precise data for modern seawater have 
not been reported to date. Because the concentration of W 
in seawater is as low as 49 pmol kg−1, an ~3000-fold pre-
concentration is necessary prior to measurement by multi-
collector inductivity coupled plasma mass spectrometry 
(MC-ICP-MS). For the preconcentration, we investigated 
solid-phase extraction using chelating resins, namely, 
NOBIAS Chelate-PA1 with ethylenediaminetriacetic acid 
groups and TSK-8HQ with 8-hydroxyquinolie groups. We 
report that TSK-8HQ is useful because the effects of the 
seawater matrix are minor thermodynamically and kineti-
cally. We present a novel method for analysis of the con-
centrations and isotope ratios of W and Mo in seawater, 
consisting of solid phase extraction, chromatographic sep-
aration using anion exchange resin AG1 X8, and measure-
ment by MC-ICP-MS. Both W and Mo are quantitatively 
recovered by this method, which was applied to seawater 
samples collected from the North Pacific Ocean. The mea-
sured concentration of W and the concentration and isotope 
ratio of Mo are consistent with those in the literature. The 
isotope ratio of W is found to be uniform throughout the 
water column in the western North Pacific Ocean; δ186/184W 
is 0.55±0.12‰ (ave±2sd, n = 7) using NIST SRM 3163 as 
a reference for W. On the basis of this data, we determined 
that the isotopic difference in δ186/184W is ~0.49‰ between 
seawater and oxic sediments in the modern ocean. This 
value accords with the reported experimental data for the 
isotope fractionation of W during adsorption on Mn and Fe 
(oxyhydr)oxides, suggesting the validity of our data.

Figure 1. Collaboration with Dr. Ho’s group, Academia Sinica during the 
visit of S.T. supported by ICR-iJURC Short-term Exchange Program.

Figure 2. Schematic of the study.


