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Preface

Nutrients and total inorganic carbon have been the major observational variables in
various international global ocean observation expeditions, such as the Geochemical
Ocean Sections Study (GEOSECS) in the 1970s, the World Ocean Circulation
Experiment (WOCE) in the 1990s, and the ongoing Climate Variability and
Predictability (CLIVAR). Observation of the natural variability of nutrients and
inorganic carbon in the world’s oceans, and investigation of temporal and spatial
changes due to the oceans’ response to climate change and increasing carbon dioxide in
the atmosphere, continue to be important topics of oceanographic research. Therefore,
the comparability and traceability of nutrient data in the world’s oceans are fundamental
issues in marine science, particularly for studies of global climate change. The
oceanographic community has continued to improve comparability of nutrient data from
the world's oceans in many ways, including through international inter-comparison

exercises and the development of nutrient reference materials.

However, as reported in “Climate Change 2007 — The Physical Science Basis”
(Intergovernmental Panel on Climate Change [IPCC], Bindoff, et al., 2007), adequate
comparability and traceability of nutrient data have not yet been achieved. IPCC 2007
(Bindoff et al., 2007) includes the following comments regarding nutrient

comparability:

Using the same data set extended to the world, large regional changes in nutrient
ratios were observed but no consistent basin-scale patterns. Uncertainties in deep
ocean nutrient observations may be responsible for the lack of coherence in the
nutrient changes. Sources of inaccuracy include the limited number of observations
and the lack of compatibility between measurements from different laboratories at

different times.

Current knowledge about the variability of nutrient concentrations in seawater is
limited because of the lack of a sufficient technique to determine small variations in
nutrients. Therefore we need an adequate nutrient scale system to establish the

traceability and comparability of nutrient data in addition to data with high accuracy and



high precision.

The Geochemical Research Department of the Meteorological Research Institute
(MRI) of Japan began developing seawater-based reference materials for nutrient
analysis about 10 years ago. This research continues today as part of the study entitled
“An observational study on variation mechanism of carbon cycle in the ocean.” One of
the major goals of this research is the development of standard materials for the analysis
of nutrients in seawater that satisfy the requirements for oceanographic research. In
February 2009, the MRI and several national and international institutes and
organizations sponsored a 2009 International Nutrients Scale System (INSS) workshop
in Paris, organized by an MRI scientist (M. Aoyama) and his collaborators. This
workshop focused on the ongoing international collaboration with the aim of
establishing global comparability of nutrient data from the world's oceans. Participants
of the workshop agreed that by establishing the INSS, the comparability and traceability
of nutrient data in seawater could be ensured. Thus, not only will the study of nutrients
in seawater move forward, but also the amount of accumulated anthropogenic CO, in
the ocean will be accurately evaluated, as both are essential for the study of global
warming. The workshop also sent a proposal to the 25th Intergovernmental
Oceanographic Commission (IOC) general assembly entitled “ICES-IOC Study Group
on Nutrients Standards - SGONS,” and the proposal was adopted by the general
assembly in June 2009.

We are now progressing toward having seawater-based nutrient reference materials
with stability and homogeneity that are sufficient to satisfy our present requirements. To
establish an International Nutrients Scale System and global standard material for
nutrient analysis in seawater, a worldwide, inter-laboratory comparison study is an
important step. This technical report summarizes results of the third inter-calibration

exercise conducted by MRI in 2008, in which 56 laboratories participated.

Takashi Midorikawa
Head of the Second Research Laboratory
Geochemical Research Department

Meteorological Research Institute
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Abstract

Autoclaved natural seawater collected in the North Pacific Ocean was used as a
reference material for nutrients in seawater (RMNS) during an inter-laboratory
comparison (I/C) study conducted in 2008. This study was a follow-up to previous
studies conducted in 2003 and 2006. A set of six samples was distributed to each of 58
laboratories in 15 countries around the globe, and results were returned by 54 of those
laboratories (15 countries). The homogeneities of samples used in the 2008 I/C study,
based on analyses for three determinants, were improved compared to those of samples

used in the 2003 and 2006 1/C studies.

Results of these I/C studies indicate that most of the participating laboratories have
an analytical technique for nutrients that is sufficient to provide data of high
comparability. The differences between reported concentrations from the same
laboratories in the 2006 and 2008 I/C studies for the same batch of RMNS indicate that
most of the laboratories have been maintaining internal comparability for two years.
Thus, with the current high level of performance in the participating laboratories, the
use of a common reference material and the adaptation of an internationally accepted
nutrient scale system would increase comparability among laboratories worldwide, and

the use of a certified reference material would establish traceability.

In the 2008 1I/C study we observed a problem of non-linearity of the instruments of
the participating laboratories similar to that observed among the laboratories in the 2006
I/C study. This problem of non-linearity should be investigated and discussed to
improve comparability for the full range of nutrient concentrations. For silicate
comparability in particular, we see relatively larger consensus standard deviations than

those for nitrate and phosphate.
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