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Stoichiometry among Bioactive Trace Metals in the Bering Sea and
the Arctic Ocean
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Stoichiometry among bioactive trace metals in the Bering Sea and the Arctic Ocean
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Bioactive trace metals, such as Al, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb, are essential to organisms
and/or highly toxic at a high concentration. The Bering Sea is one of the most productive seas in the
world and seasonally ice covered. The Arctic Ocean is characterized by ice cover and harsh weather.
This study has been done to achieve better understanding of the behavior and distribution of Al, Mn, Fe,
Ni, Cu, Zn, Cd and Pb in the Bering, Chukchi and Beaufort Seas.

Seawater samples were collected from the Bering Sea and the Arctic Ocean during the MR00-K06
cruise of R/V Mirai in September 2000. Filtered and acidified seawater samples were used for the
determination of dissolved metals (DM), and those unfiltered and acidified were used for the
determination of total dissolvable metals (TDM). An ethylenediaminetriacetic acid resin (NOBIAS
CHELATE PA-1) preconcentration system was used to simultaneously preconcentrate the metals from
seawater. The metals were determined by inductively coupled plasma-mass spectrometry (ICP-MS). The
concentration of labile particulate metals (LPM) was estimated with the difference between that of
TDM and DM.

The TDM concentrations in the Bering Sea shelf were generally higher than in the Pacific Ocean.
TDCd was highest in deep water of the outer shelf domain and dominated by dissolved species. The
other TDM were highest at stations close to the Yukon River delta and had higher fractions of LP
species. Dissolved Al, Ni and Cu were characterized by input from the Yukon River. Dissolved Mn and
Co showed maximums on the bottom of the coastal domain, suggesting influence of sedimentary Mn
reduction. The correlations of DZn, DCd and macronutrients indicated their distributions were largely
controlled through uptake by microorganisms and remineralization from settling particles. All these
three processes had influence on the distribution of DFe. DPb was fairly uniformly distributed in the
study area. The stoichiometry of DM in the Bering Sea shelf showed enrichment of Co and Pb and
depletion of Ni, Cu, Zn and Cd compared to that in the North Pacific. The LPM/LPALI ratio revealed
significant enrichment of the other eight metals against the crustal abundance, suggesting importance of
formation of Fe-Mn oxides and adsorption of trace metals on the oxides.

The concentrations of TDAI, TDMn, TDFe, TDCo and TDPb substantially varied in the Arctic
Ocean. The high concentrations occurred at stations near the Bering Strait, in the Mackenzie delta, and
above the reductive sediments. These elements were mostly dominated by LP species, such as terrestrial
clay and authentic Mn-Fe oxides. DCo was strongly correlated with DMn over the study area, whereas
the slope of the regression line was 27 times higher at a pelagic station than at a shelf station. TDNi,
TDCu, TDZn and TDCd showed relatively small variations and generally dominated by dissolved
species. Although there was a high correlation between DCd and phosphate for all samples, the
regression lines between DCd and nutrients were different between surface and deep waters. TDNi and
TDCu showed a remarkable linearity for most stations except those near the Bering Strait. Unlike these
metals, TDZn and DZn showed rather different distribution from nutrients. Also the trace metal
compositions of major water masses were evaluated. The dissolved elemental ratio for Canada Basin
deep water (CBDW) was significantly different from that for Pacific deep water and Bering Sea water,
suggesting substantial modification of the trace metal compositions of seawater in the study area.
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