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Preface

The history of the analysis of nutrients in seawater is long. 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
and the World Ocean Circulation Experiment (WOCE). 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. To address the need for highly accurate and precise data
regarding the effects of climate change on nutrient concentrations, the WOCE
Hydrographic Program office proposed criteria for the precision and accuracy of
nutrient analysis in early 1990. However, attaining these criteria was not possible,
owing to the lack of an accepted standard or reference materials for nutrients in
seawater that was applicable to the Pacific Ocean, where the maximum nutrient
concentrations are greater than in the Atlantic and Indian Oceans. Current knowledge
about the variability of nutrient concentrations in seawater is limited because the
variation is very small. Therefore we need traceability and comparability of the
nutrients data as well as high accuracy and high precision of them.

The Geochemical Research Department of the Meteorological Research Institute
(MRI) of Japan started to develop seawater-based reference materials for nutrient
analysis about ten years ago. This research continues today as part of the “Observational
Study on the Variability of the Carbon Cycle in the Ocean, I (2004-2006) and 1l
(2007-2008)”. A major goal of this research is the development of standard materials
for the analysis of nutrients in seawater that satisfy the requirements for oceanographic
research. The MRI research comprises three parts: the development of seawater-based
reference materials, the conducting of global inter-laboratory comparison study to use
and test the reference materials, and the practical use of the reference materials on board
the R/V Mirai of Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
during a series of research voyages. We are now progressing towards having
seawater-based nutrient reference materials with stability and homogeneity that are
sufficient to satisfy our present requirements. To establish a standard material for
nutrient analysis in seawater, an inter-laboratory comparison study in the world is an
important step.

This technical report summarizes results of the second inter-calibration exercise
conducted by MRI, in which 52 laboratories participated.

Katsumi Hirose
Director of 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 analysing nutrient concentrations in seawater during an
inter-laboratory comparison study conducted in 2006; this study was a follow-up to a
similar but smaller study conducted in 2003. Homogeneity of sample #2 was confirmed
by the repeatability of the nutrient concentration measurements and those interms of one
sigma of standand deviation are: 0.2%, 0.3%, and 0.2% for nitrate, phosphate and
silicate, respectively. Sets of six samples with concentration ranges of 0.1-42.4 umol
kg™t for nitrate, 0.0-0.6 pumol kg™ for nitrite, 0.0-3.0 umol kg™ for phosphate, and
1.7-156.1 pmol kg™ for silicate were analysed. A set of samples was distributed to each
of 55 laboratories around the globe (20 countries), and results were returned by 52 of
those laboratories (19 countries).

Analytical precisions reported by the participating laboratories for all deteminands
were generally lower, by at least 50%, than the consensus standard deviations of the
reported concentrations. The consensus standard deviations for sample #2 for all
determinands were 5 to 10 times as large as the homogeneities of sample #2 for all
determinands. In some laboratories, the non-linearity of the calibration curve was not
treated effectively.

Our results indicate that variability in the in-house standards of the participating
laboratories and the handling of the non-linearity of the calibration curve of the
participating laboratories were the primary sources of inter-laboratory discrepancies.
The results confirm that a certified reference material for nutrients in seawater and a
common method for measuring nutrient concentrations are essential for the

improvement of the global comparability of nutrient data in the world’s oceans.
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