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Iron isotopic signature of red blood cell samples from shark and seal : new tracer for

biological cycle of Fe in marine
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Among the essential metal elements, Fe is one of the most important essential elements for all organisms because its flexib
redox activity contributes to a cell respiration, photosynthesis, nitrogen fixation, and hemoglobin enhances the efficiency of
oxygen transport in blood. Recent Fe isotope studies have revealed that the 56Fe/54Fe and 57Fe/54Fe isotope ratios for t
terrestrial plants or animals were systematically decreased with increasing the nominal trophic level (about 1o/oo/amu per trophi
level). The systematical decrease in the 56Fe/54Fe isotope ratio can be attributed to the preferential absorption of lighter F
isotopes from nutrients or dietary foods [1, 2]. However, the same is not true on the marine organisms. Despite the quite limitec
number of Fe isotope data, there were no significant difference in the reported 56Fe/54Fe ratio data between the marine organisi
(phytoplankton, shrimp and tuna samples [3]) and the seawater samples [4], suggesting very small change in the 56Fe/54Fe ra
against the trophic level. This is contrasting to the 56Fe/54Fe ratio for the terrestrial plants or animals. To investigate the possibl
correlation in the 56Fe/54Fe isotope ratio and the trophic level for the marine organisms, the 56Fe/54Fe ratio for marine organisr
with high-trophic level is highly desired. In this study, we have measured the 56Fe/54Fe and 57Fe/54Fe ratios for red blood cel
(RBC) samples from the high-trophic level animals of various ages (15 shark and 13 seal samples of various ages). After th
series of chemical procedures, including sample decomposition, chemical purification, and the adjustments of the Fe valenc
the 56Fe/54Fe and 57Fe/54Fe isotopic ratios were obtained by a multiple-collector ICP-mass spectrometry (MC-ICPMS). Th
resulting 56Fe/54Fe ratio for shark and seal samples were ranging from -1.110/00 to -2.56 o/00 and -0.70 o/oo to -1.26 o/oc
respectively. For shark samples, there were no significant differences in the measured 56Fe/54Fe ratio between the male a
female samples. This is contrasting with the 56Fe/54Fe ratio for the terrestrial animals, including human RBC samples. For th
seal samples, no correlation in the resulting 56Fe/54Fe ratio and both the age and body length was found. More importantly, th
resulting 56Fe/54Fe ratios for the shark and seal samples were significantly higher than those for the high-trophic level terrestri
animals. We will discuss the difference in the correlation of the 56Fe/54Fe ratio with trophic level between the terrestrial and
marine organisms.
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Soil organic matter (SOM) is the largest carbon pool of terrestrial ecosystem. Stabilization of SOM is largely controlled by
interaction of organic matter (OM) and soil minerals. Volcanic-ash soils are characterized by a high SOM content and consis
mainly of short-range-order minerals such as allophane, imogolite and ferrihydrite. Allophane/imogolite are unique nanoclays o
hollow spherule/tube structures with the diametex&fnm and have extensive, variable-charge surfaces. Due to the dominance
of these nanoclays, SOM stabilization process in volcanic soils may differ drastically from that in non-volcanic soils consisting
of well-crystalline minerals. Particle-size fractionation is an effective approach to distinguish different types of organo-mineral
associate. These nanoclays form stable micro-aggregates and are difficult to disperse, which makes the effectiveness of this ¢
proach obscure. Here we hypothesized that, with an appropriate dispersion technique, major portions of SOM is stabilized in fine
size fractions €2 micro-m) as sub-micron aggregates of short-range-order minerals with microbially-processed organic matter
in volcanic-ash soils. To test this, we chose a typical allophanic Andisol in Japan and characterize each particle-size fraction b
selective-dissolution, isotopic (N-15, C-13, C-14), and spectroscopic techniques. Results showed that: (i) total organic carbo
and nitrogen were mainly stabilized in finer size fractioa® (micro-m), (ii) <0.2 micro-m and 0.2-2micro-m sized fractions
largely consist of the association between OM and short-range-order minerals, (i) the decline of C:N ration and enrichment o
N-15 towards finer fraction indicate that the OM in finer-sized aggregates appeared to be more strongly altered by soil microbia
activity. Based on these results, we attempt to provide a speculative synthesis on the progression in organo-mineral associatic
and the development of aggregate hierarchy in the volcanic-ash soil.
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Clarifying the source of discharged nitrate is important to discuss the influence of increasing nitrogen deposition on forest
ecosystem, because in the forested ecosystem where discharged nitrate derived from atmospheric nitrate, increasing atmosph
nitrate deposition is difficult to accumulate into the forest ecosystem and influence on nitrogen saturation might be small. How-
ever, increasing atmospheric nitrate may directly increase the amounts of discharged nitrate from such forest ecosystems. (
the other hand, in the forested ecosystem where discharged nitrate derives from nitrified nitrate, increase of nitrate depositio
should not immediately increase nitrate discharge from watershed because atmospheric nitrate is taken up by nitrogen cycle
such forest ecosystems at least one time. However, atmospheric nitrate should easily accumulate in such forest ecosystem.

In this study, we conducted the observation of several storm events and quantitatively clarify the source of nitrate discharge
from forest ecosystems at storm events.
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Temporal variations in the triple oxygen isotopic compositions of nitrate in stream water were investigated to understand the ef
fect of clear-cutting on trees (January to March, 2003) and subsequent stripcutting of understory dwarf ISasheefanen3is
(October 2003) on biogeochemical processes of forested watershed in northern Japan. In accordance with the significant incree
in stream nitrate concentration up to 15 micromofs' lin spring 2004, probably in response to tBasacutting (Fukuzawa
et al., 2006), we found significant increase in th® anomalies. The maximum anomaly (+14 permil) suggest that the direct
drainage of atmospheric nitrate occupied more than 50% of total nitrate being exported from the forested watershed during sprin
2004. Similar increases in both concentrations and tfeanomalies were found in spring 2005 as well. On the other hand, we
found little anomalies in the other seasons, irrespective to increases in stream nitrate concentration. That is to say, most portion
the increased nitrate, being exported from the forested watershed during the seasons other than spring, was remineralized nitre
those preserved in the forested ecosystem as either organic-N or ammonium and then been converted to nitrate. The annual exy
flux of atmospheric and remineralized nitrate from the forest ecosystem increased to more than 20-times and 4-times, respe
tively, from those prior to th&asacutting. These results suggest tisasas important not only for preventing nitrogen leaching
from soil, but also for enhancing biological consumption of atmospheric nitrate before being exported from forest ecosystem.
especially when significant quantities of atmospheric nitrate were added to forest floor through the spring thaw.
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