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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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2006 RMNS Inter-laboratory Comparison Study

1. Introduction

The objective of this inter-laboratory comparison study was to continue our work on
the development of a reference material for analysis of nutrients in seawater that would
ensure the comparability of nutrients data measured by different laboratories and that
would facilitate shipboard analysis of nutrients in seawater. In particular, we are
focusing on developing a reference material with a seawater matrix. The development
of such a reference material would make highly accurate nutrient data from different
laboratories more widely available. The 10C-IAEA-UNEP (Intergovernmental
Oceanographic Commission — International Atomic Energy Agency — United Nations
Environment Programme) Group of Experts on Standards and Reference Materials
(United Nations Educational, Scientific and Cultural Organization (UNESCO), 1991,
1992) had already clearly stated the need to place a high priority on developing such a
reference material.

Currently, the only way to ensure comparability among nutrient analyses performed
by different laboratories was to conduct inter-laboratory comparison studies that
provide consensus values plus uncertainties for nutrient concentrations. Five ICES
nutrient inter-laboratory comparison studies have been carried out since 1965
(UNESCO, 1965, 1967; ICES, 1967, 1977; Kirkwood et al., 1991; Aminot and
Kirkwood, 1995). In addition to the ICES exercise, other efforts to ensure data
comparability have been carried out over the past 30 years or so. For example, in 2000
and 2002, the National Oceanic and Atmospheric Administration (USA) and the
National Research Council Canada jointly conducted inter-comparisons between
laboratories in the United States and Canada to certify a proposed reference material for
nutrients known as MOOS-1, which has a seawater matrix and was developed by the
National Research Council Canada (Willie and Clancy, 2000; Clancy and Willie, 2003).

MOOS-1 became first certified reference material for nutrients in seawater (Clancy
and Willie, 2004). In addition, a set of certified reference materials, QC-SW3.1, 3.2, 4.1,
and 4.2, was developed by Eurofins (2004). However, the nutrient concentrations of
MOOS-1 and QC-SW3.1, 3.2, 4.1, and 4.2 are too low for rather than nutrients
concertration in Pacific Ocean seawater and could only cover the range of nutrient
concentrations in the Atlantic Ocean seawater.

In 2003, the Meteorological Research Institute (MRI) conducted an inter-laboratory
comparison study of a newly produced reference material for nutrients in seawater
(RMNS). The RMNS samples were prepared with a natural seawater matrix, and the
nutrient concentrations were set so as to cover the concentration range of nutrients in the
Pacific Ocean, which has the highest nutrient concentrations among the open oceans of
the world. Six RMNS samples at different levels of nutrients concertration were
distributed to the participating laboratories. The four determinands (nitrate, nitrite,
phosphate, and silicate) could be simultaneously analyzed in a single bottole of each
RMNS. The standard deviations of the consensus values for phosphate and silicate were
4.5 times and >10 times the corresponding homogeneities. In contrast, the standard
deviation of the consensus values for nitrate was only about 2 times the homogeneity.
These results indicated that the variability of the in-house standards used by the
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participating laboratories, rather than analytical precision, was the primary source of
inter-laboratory discrepancies. These results confirmed that the use of a certified
reference material for nutrients in seawater is essential for establishing nutrient data sets
that can be compared between laboratories, particularly for silicate and phosphate.

In 2006, the MRI conducted a second inter-laboratory comparison study that used a
strategy similar to that used in the 2003 study. The primary aim of the 2006 study,
which was coordinated by Michio Aoyama, was to increase the number of participants
relative to the number from the previous study to make the new study as global as
possible. This report describes the 2006 study in detail and summarizes the results
reported by the participants.
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2. Samples

2.1 Preparation of RMNS samples and timetable for the inter-laboratory
comparison study

Natural seawater was collected in the North Pacific Ocean at different depths ranging
from surface to 1400 m depth, placed in a stainless steel container (100-200 L), and
autoclaved twice at 120 °C for 2 h. Aliquots (90 mL) of the autoclaved seawater were
then bottled in polypropylene bottles. This procedure for preparing the RMNS samples
was based on a previously reported method for preparing a reference material for the
determination of nutrients in seawater (Aminot and Kerouel, 1991, 1995). Long-term
storage of the RMNS samples at room temperature has shown that the sample
homogeneities and the concentrations of nutrients are maintained for at least 4 years
(Aoyama et al., 2006).

Six batches of samples were prepared in 2005. The nutrients concentrations ranged
from 0.1-42.4 pmol kg™ for nitrate, 0.0—0.6 pmol kg™ for nitrite, 0.0-3.0 pmol kg™ for
phosphate, and 1.7-156.1 pmol kg™ for silicate, respectively. Before sending the
samples to the participating laboratories, we confirmed that the nutrient concentrations
in the samples were stable for at least several months. By January 2007, 52 participants
had analyzed the samples and returned their results.

2.2 Selection of determinands

The determinands of interest were nitrate (or nitrate+nitrite), nitrite, phosphate and
silicate.

2.3 Sample homogeneity

Before sending the samples to the participants, we measured the homogeneities of the
samples separately. The homogeneities for 30 bottles of sample #2 are listed in Table 1.
Analytical precisions (expressed as standard deviation) were also simultaneously
estimated for 30 samples of unprocessed natural seawater with nutrient concentrations
similar to those of sample #2.

Table 1 Homogeneity of sample #2 and analytical precision

Nitrate+nitrite ~ Phosphate  Silicate  Nitrite*

% % % %
Homogeneity of sample #2 0.22 0.32 0.19 0.43*
Analytical precision 0.22 0.22 0.12 0.22%*
Homogeneity of sample #3 from 0.44 0.8 0.15
the 2003 inter-comparison
exercise

Note: The concentrations of nutrients in the unprocessed natural seawater were 43
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umol kg™ for nitrate-+nitrite, 3.1 pmol kg™ for phosphate, and 148 umol kg™ for silicate.
*For nitrite, the homogeneity listed is for sample # 1 (nitrite concentration, 0.63 pmol
kg™) and was evaluated based on 229 runs onboard the R/V Mirai MR0505 together
with analytical precision for a working standard that was prepared from natural seawater
(nominal nitrite concentration, 1.2 pmol kg™).

For sample #2, the homogeneities for nitrate+nitrite, phosphate, and silicate were
0.22%, 0.32%, and 0.19%, respectively. Because the concentrations of nutrients in
sample #2 were similar to those in the natural unprocessed seawater used to evaluate
analytical precision, the homogeneities for nitrate+nitrite and silicate were of the same
order of magnitude as, or better than, the analytical precisions. The homogeneity for
phosphate (0.32%) was a little greater than the analytical precision, which was
attributed to the nature of the RMNS sample itself rather than to any analytical problem.
The homogeneities of the RMNS samples used in this study were generally better than
the homogeneities of the RMNS samples used in the 2003 inter-laboratory comparison
study (Aoyama, 2006; Aoyama et al., 2007). This improvement was achieved by the
electric polish of the surface inside the stainless steel container used to produce the
samples.

Samples 1, 3, 4, 5, and 6 were not analyzed as extensively as sample #2, owing to
the limited number of available samples. However, it is safe to assume that these
samples were similar to sample #2, because all of the samples were prepared by the
same process.
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3. Participants and response

By August 2006, 55 laboratories (Tables A1 and A2) in 20 countries had replied to
the call for participants. A total of 55 sets of samples were then distributed.Table Al in
appendix | lists the participants, and cross references the table of laboratories # in 2003
I/C and 2006 I/C, which is shown in table A2. Of the 55 laboratories, 52 submitted
results, which are summarized in Table 2.

Results were submitted from 52 laboratories.
The responses from the participants are summarized in table 2.



2006 RMNS Inter-laboratory Comparison Study

Table 2 Summary of responses from participants

Number of results

. Sample
Nutrient

ID Received Statistically treated

Nitrate+nitrite 1 45 45

2 44 44

3 44 44

4 45 45

5 41 39

6 45 45

Nitrate 1 43 43

2 42 42

3 42 42

4 43 43

5 38 37

6 43 43

Nitrite 1 47 47

2 47 47

3 41 39

4 47 47

5 41 39

6 47 47

Phosphate 1 52 52

2 52 52

3 52 52

4 52 52

5 48 48

6 52 52

Silicate 1 46 46

2 46 46

3 46 46

4 46 46

5 45 45

6 46 46
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4. Statistical treatment
4.1 Raw means, medians, and standard deviations

Raw means, medians, and standard deviations were calculated for the submitted
results (Table 3).

4.2 Robust statistics

Robust means (H15 means) and standard deviations (H15 Sd) both ontained by
Huber’s methos were calculated (AMC, 2001) (Table 3).

4.3 Consensus means, medians, and standard deviations

We applied successive t-tests at the 95% confidence level to the results before
estimating the consensus means, consensus medians, and consensus standard deviations
(Table 4), as in previous inter-laboratory comparison studies (Aminot and Kirkwood,
1995; Aoyama, 2006). Tests were applied until a stable mean was reached; 7 to 10 tests
were required for the sets of results.

4.4 Calculation of Z-scores

Z-scores were used to evaluate the performance of each participating laboratory, as
in previous inter-laboratory comparison studies (Aminot and Kirkwood, 1995; Aoyama,
2006). The Z-score for each analysis, Zpar, is defined as

Zpar = ABS((Cpar — Ceonsensus)/Ppar)

where Cyq is the concentration measured by a laboratory for the parameter of interest
(nitrate, phosphate, or silicate); Ceonsensus IS the consensus mean sample concentration for
the parameter of interest (described in Section 4.3; and Py, is the standard deviation of
the sample concentration for the parameter of interest. The Z-scores for all determinands
were calculated. Z-scores of each sample for each laboratory were calculated for Zyox +
Zy and Znox + Zp + Zs. When nitrate+nitrite was not reported by a laboratory, we used
nitrate instead.
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5. Results

Results reported by the participants are summarized in Table A3. Raw means,
medians, and standard deviations calculated using reported values are summarized in
Table 3, together with the robust statistics and the results of successive t-tests at the
95% confidence level.

The raw medians of all reported values for the six samples for all determinands were
in good agreement with the corresponding consensus means and medians. The robust
means for the six samples for all determinands were also in good agreement with the
corresponding consensus means and medians.

Scatter plots and histograms for each parameter for each sample are shown in Figures
Al-1 to A5- 6; the corresponding consensus value is shown at the top of each figure. In
the scatter plots, error bars appear if errors were reported. The histogram interval for
each figure was set to equal the corresponding the consensus standard deviation shown
in Table 4.

5.1 Ranked scatter plots of the results

Ranked scatter plots for nitrate+nitrite, nitrate, nitrite, phosphate, and silicate are
shown in Figures 1-5, respectively. For nitrate and phosphate, laboratories were ranked
according to the reported concentrations of nitrate and phosphate in sample #3, which
had the highest nitrate and phosphate concentrations of all the samples. For silicate,
laboratories were ranked according to the reported silicate concentration in sample #2,
which had the highest silicate concentration of all the samples. For nitrate, laboratories
were ranked according to the reported nitrate concentration in sample # 1, which had the
highest silicate concentration of all the samples.In Figures 1 to 5, error bars appear if
errors were reported.

If each laboratory adequately handled the non-linearity of the calibration curves, we
would expect the ranked concentration plots to be proportional to each other for the
samples of differing concentrations. However, there were non-proportional results from
some laboratories for all the determinands (Figures 1 to 5). Several laboratories reported
that they used a straight line for the calibration. We observed non-proportional results in
Figures 1 to 5 in cases in which the calibration curve was in fact non-linear (curved),
because the analytical systems used were not analytically optimized as they should have
been for those nutrient values.

These results indicate that non-linearity of the calibration curves for nutrient analysis
was a significant source of error, in addition to the non-linear value-dependent errors.
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Table 3 mean, median and standard deviation of reported values, results of robust
statistics, and consensus mean and consensus median

raw mean raw raw SD HI15 HIS5 consensus  consensus
nutrient sar;ple median 1 mearll SD 1 mearll medlaln
hmol Ke-1— pumol Ke-1 Igo 1 igf;o 1 Igo 1 igo 1 Igo 1

Nitrate+Nitrite 1 45 6.17 6.28 0.51 6.22 0.33 6.32 6.29
2 44 33.12 33.61 2.20 33.53 0.90 33.69 33.69

3 44 41.41 42.29 3.83 4227 1.20 42.47 4242

4&6 91 21.37 21.88 245 21.84 0.87 22.00 21.98

5 39 0.17 0.05 0.34 0.01 0.01 0.02 0.01

Nitrate 1 43 5.60 5.64 0.48 5.63 0.30 5.68 5.67
2 42 33.15 33.56 2.18 33.54 0.82 33.58 33.58

3 42 41.49 42.25 3.83 4231 1.03 42.40 42.31

4&6 87 21.10 21.55 239  21.50 0.71 21.60 21.58

5 37 0.15 0.04 0.34 0.04 0.04 0.04 0.03

Nitrite 1 47 0.63 0.63 0.04 0.63 0.03 0.63 0.63
2 47 0.11 0.10 0.03 0.10 0.02 0.10 0.10

3 39 0.04 0.02 0.08 0.02 0.02 0.01 0.01

4&6 95 0.35 0.35 0.04 0.35 0.03 0.35 0.35

5 39 0.02 0.02 0.03 0.02 0.02 0.01 0.01

Phosphate 1 52 0.51 0.49 0.11 0.49 0.05 0.49 0.48
2 52 2.56 2.54 0.43 2.54 0.11 2.52 2.52

3 52 3.08 3.04 0.25 3.04 0.11 3.03 3.03

4&6 105 1.60 1.60 0.16 1.60 0.09 1.59 1.59

5 47 0.06 0.04 0.06 0.04 0.04 0.03 0.03

Silicate 1 46 29.83 30.00 4.04 29.89 1.72 30.15 30.09
2 46 156.87 155.84 10.26 155.99 496 155.74 155.76

3 46 137.30 135.90 10.61 136.12 3.62 13536 135.00

4&6 93 60.67 59.25 12.71 59.42 2.06 58.86 58.77

5 44 1.80 1.68 0.58 1.72 0.36 1.64 1.64
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5.2 Consensus medians, means, and standard deviations

We calculated the consensus medians, means, and standard deviations (Table 4) using
the data that passed the successive t-test applications described in Section 4.3. The
consensus means and medians were in excellent agreement for all parameters for all
samples.

15
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Table 4 Consensus medians, means, and standard deviations for the 6 samples

Consensus
' sample # n Consepsus Consensus standard
nutrient Median Mean deviation
umol kg™ pmol kg™ umol kg™
Nitrate+Nitrite 1 36(45) 6.29 6.32 0.19
2 32(44) 33.69 33.69 0.43
3 34(44) 42.42 42.47 0.70
4&6 60(90) 21.98 22.00 0.34
5 24(39) 0.01 0.02 0.02
Nitrate 1 35(43) 5.67 5.68 0.20
2 31(42) 33.58 33.58 0.42
3 34(42) 42.31 42.40 0.67
4&6 61(86) 21.58 21.60 0.33
5 29(37) 0.03 0.04 0.04
Nitrite 1 40(47) 0.63 0.63 0.02
2 34(47) 0.10 0.10 0.01
3 29(39) 0.01 0.01 0.01
4&6 67(94) 0.35 0.35 0.01
5 30(39) 0.01 0.01 0.01
Phosphate 1 41(52) 0.48 0.49 0.03
2 32(52) 2.52 2.52 0.04
3 35(52) 3.03 3.03 0.04
4&6 72(104) 1.59 1.59 0.04
5 38(48) 0.03 0.03 0.02
Silicate 1 36(46) 30.15 30.09 1.06
2 31(46) 155.76 155.74 2.21
3 31(46) 135.00 135.36 1.57
4&6 60(92) 58.77 58.86 0.84
5 36(45) 1.64 1.64 0.22

Note: n represents the number of data points used to calculate consensus means and
standard deviations after the successive application of a #-test at the 95% confidence
level. The numbers in the parentheses represent the numbers of results reported by the
participant.
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5.3 Comparison between consensus standard deviations and homogeneities for
sample #2

For sample #2, the consensus standard deviation for nitrate was 6 times the
homogeneity for nitrate (Table 5). For phosphate, the consensus standard deviation was
5 times the homogeneity, and for silicate, the consensus standard deviation was more
than 10 times the homogeneity. These results indicate that the use of a common
reference material for nutrients in seawater would establish the global comparability of

nutrient data for the world’s oceans.

Table 5 Comparison between consensus standard deviations of sample #2 and
homogeneities of sample #2

Nitrate Phosphate Silicate
% % %
Homogeneity 0.22 0.32 0.19
Consensus standard deviation 1.3 1.6 2.0

5.4 Analytical precisions and consensus standard deviations reported by the
participating laboratories

Analytical precisions reported by the participating laboratories for the four
determinands were generally better than the consensus standard deviations for the
reported concentrations. The medians for analytical precision reported by the
participants for the four determinands were half or less than the consensus standard
deviations (Tables 6-1 to 6-6). Only a few laboratories reported analytical precisions
that were larger than the consensus standard deviations.

These results indicate that the analytical precisions for each laboratory might not
have caused the larger raw standard deviations and relatively large consensus standard

deviations.
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Table 6-1.Median and range of analytical precision of participating laboratories and

consensus standard deviation for sample #1

Analytical precision of

Nutrients participating lal?oratory deviation
N Median(range) n c
% %
Nitrate+nitrite 35 0.8(0.1-13.1) 46 3.0
Phosphate 34 3.7(0.4-13.6) 52 6.1
Silicate 32 0.7(0.1-5.0) 46 3.5

Table 6-2.Median and range of analytical precision of participating laboratories and
consensus standard deviation (s.d.) for sample #2

Analytical precision of Consensus standard

Nutrients participating lal?oratory deviation
N Median(range) n c
% %
Nitrate-+nitrite 34 0.3(0.1-1.9) 45 1.3
Phosphate 36 0.8(0.2-8.8) 52 1.6
Silicate 30 0.3(0.1-5.0) 44 1.4

Table 6-3.Median and range of analytical precision of participating laboratories and
consensus standard deviation for sample #3

Analytical precision of

Consensus standard

Consensus standard

Nutrients participating la‘t?oratory deviation
N Median(range) n c
% %
Nitrate-+nitrite 32 0.3(0.1-1.9) 45 1.7
Phosphate 33 0.8(0.1-5.8) 52 1.3
Silicate 30 0.5(0.1-5.0) 44 1.2
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Table 6-4.Median and range of analytical precision of participating laboratories and
consensus standard deviation for sample #4

Analytical precision of

Consensus standard

Nutrients p:llrtlmpatln'gmlazbizrr]?:z%e) - deviation -
% %
Nitrate+nitrite 34 0.7(0.1-12.8) 46 1.7
Phosphate 35 1.3(0.1-13.5) 52 2.5
Silicate 31 0.6(0.1-5.0) 45 1.5

Table 6-5.Median and range of analytical precision of participating laboratories and
consensus standard deviation for sample #5

Analytical precision of

Consensus standard

Nutrients participating Iat_)oratory deviation
N Median(range) n c
% %
Nitrate+nitrite 21 40(1.2-500.0) 39 1.3
Phosphate 29 33.3(3.1-600.0) 48 1.6
Silicate 30 4.0(0.4-34.0) 44 1.4
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Table 6-6.Median and range of analytical precision of participating laboratories and
consensus standard deviation for sample #6

Ana}lytica}l precision of ConsenSL_Js §tandard
Nutrients pNart|C|patlnlg\gmlaz:ljtigrr]a(l:(;;)ée) . deviation -
% %
Nitrate+nitrite 35 0.5(0.1-12.9) 46 1.7
Phosphate 37 1.3(0.3-14.2) 52 2.5
Silicate 31 0.5(0.1-5.0) 44 1.5
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5.5 Z-scores

Z-scores, computed according to the method described in Section 4.4, are summarized
in Tables 7-1 to 7-7.

Table 7-1 Z-score for nitrate+nitrite

LABNUM sample#1  sample#2  sample#3 sample#4 sample#5 sample#6

1 0.3 0.9 1.0 2.9 1.5
2 0.7 15 1.7 0.4 0.5 0.2
3 0.2 0.7 0.6 0.4 0.5 0.2
4 15 3.0 2.4 2.9 0.9 3.2
5 0.8 1.0 0.1 14 1.3
6 5.8 3.5 1.5 6.4 0.9 5.0
7 0.6 0.9 0.7 0.9 18 0.9
9 7.6 6.5 5.1 7.8 10.1 6.8
10
11 0.6 0.9 0.3 1.3 0.5 1.2
12 4.2 3.2 1.7 3.8 3.8
13 0.3 0.4 0.0 0.5 0.9 0.5
14 5.9 10.0 9.2 13.7 0.0 13.3
15 0.0 0.7 0.7 1.0 2.3 1.2
16 0.6 3.9 3.7 3.3 11 3.1
17 1.8 4.1 3.3 3.7 4.5 3.0
18 1.0 0.4 0.2 0.0 0.9 0.3
19 1.3 2.6 1.8 1.7 3.2 2.3
20 15 22.1 25.6 5.2 55
23
24 2.0 1.6 1.7 0.1 0.9 0.4
25 0.7 0.5 0.3 0.6 1.3 0.6
26 0.0 0.2 0.1 0.5 4.6 0.9
27 0.5 0.9 0.3 1.7 15.6 1.7
28 8.9 2.8 58.7 35
29 1.2 0.2 0.8 0.9 0.9 1.0
30 0.2 0.0 0.3 0.8 4.1 1.4
31 2.0 1.6 1.7 2.9 35.7 3.2
32 5.0 4.6 19.8 7.8 71.1 7.8
33 0.0 0.3 0.1 0.3 6.4 0.2
34 0.1 1.2 0.7 0.1 13 0.0
35 1.3 1.2 1.2 3.1 8.7 3.5
36
37 15 0.6 1.3 0.7 0.5 0.7
38 0.6 0.7 0.3 0.8 13 0.8
39 6.3 19.5 10.5 37.6 7.3 36.2
40
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0.6
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Table 7-2 Z-score for nitrate

LABNUM sample#1  sample#2  sample#3 sample#4  sample#5 sample#6

1 0.3 0.7 1.2 3.0 1.5

2

3 0.1 0.7 0.5 0.1 0.9 0.1

4 15 3.1 2.6 3.1 0.9 3.5

5 0.7 1.0 0.1 1.2 1.2

6

7 0.5 0.9 0.6 0.9 0.1 0.9

9 7.5 6.6 5.4 8.2 4.8 7.1
10 15 0.7 0.6 0.6 0.9 0.6
11 0.5 0.9 0.4 15 0.9 1.4
12 3.5 3.3 1.8 3.6 3.6
13 0.3 0.4 0.1 0.7 0.9 0.7
14
15 0.1 0.7 0.6 0.9 0.6 11
16 0.5 4.0 3.9 3.6 0.1 3.4
17 1.7 4.2 35 4.0 1.9 3.2
18 0.9 0.4 0.3 0.0 0.9 0.3
19 14 2.6 1.9 1.8 14 2.4
20 1.9 22.3 26.6 4.9 0.9 5.3
23 1.6 0.5 1.0 0.9 0.9
24 0.7 1.7 1.7 0.4 0.9 0.2
25 0.6 0.6 0.2 0.4 0.2 0.5
26 0.0 0.2 0.2 0.4 1.4 0.8
27
28 8.5 2.5 33.3 3.2
29 13 0.1 0.7 11 0.9 1.2
30 0.2 0.1 0.3 0.9 1.4 1.6
31 1.7 1.6 1.8 2.7 19.6 3.0
32 5.0 4.9 20.9 8.2 40.4 8.2
33 0.0 0.3 0.2 0.4 1.7 0.1
34 0.4 1.3 0.7 0.1 0.4 0.0
35
36 15 2.8 0.8 0.1 3.8 0.4
37 1.7 0.7 1.5 0.6 0.7 0.6
38 0.5 0.7 0.2 0.6 0.4 0.7
39 6.2 20.1 10.9 38.5 1.9 37.2
40
42 0.3 13 1.6 1.2 0.4 0.6
43 0.0 1.8 0.9 2.3 0.9 1.4
44 0.1 1.0 0.8 0.1 0.9 1.8
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2.8
1.3

0.9
7.0
0.0
1.2
0.7
1.5
0.8

3.4
1.0

1.6
4.6
2.0
0.9
1.0
1.6
1.7

0.1

3.8
7.7
2.7
0.9
2.5
0.7
0.2

3.2
1.4

1.5
34.7
11
0.9
1.4
1.7
1.8
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Table 7-3 Z-score for nitrite

LABNUM sample#1  sample#2  sample#3 sample#4  sample#5 sample#6

1 0.2 4.5 1.0 2.6
2 15 0.6 11 14 14 1.4
3 0.7 0.6 11 1.4 0.1 0.6
4 0.2 0.4 0.9 0.6 1.2 0.2
5 0.5 11 0.6 0.3
6
7 0.0 0.1 0.1 0.7 0.9 0.7
9 1.0 1.7 0.4 14 0.5 0.2
10 4.0 1.4 0.9 4.2 1.2 4.2
11 1.0 0.6 0.1 0.2 0.1 1.0
12 4.1 1.7 4.7 4.7
13 0.2 0.6 11 0.6 0.1 0.2
14 1.5 0.6 42.4 0.6 0.1 0.2
15 0.6 0.4 0.9 0.2 0.1 1.0
16 1.0 1.0 11 0.1 0.8 0.3
17 0.8 0.9 1.0 0.9 0.1 0.6
18 0.7 1.7 2.0 14 14 2.3
19 0.3 0.6 11 0.6 14 0.6
20 2.8 7.8 6.3 6.3
23 1.9 45 4.0 5.9 3.7 6.7
24 0.7 0.4 0.1 0.2 1.2 0.2
25 0.0 0.9 11 0.3 14 0.7
26 0.6 14 0.9 1.8 2.4 1.8
27
28 2.4 0.4 7.1 7.9
29 0.7 0.6 11 0.6 14 0.6
30 0.2 0.4 0.1 1.8 1.2 1.0
31 2.0 0.3 0.6 0.2
32 0.6 11.6 20.6 5.9 14 5.9
33 0.2 4.5 5.1 1.0 6.2 1.0
34 1.5 3.4 4.0 2.6 7.5 3.4
35 2.3 14 0.2 1.8 0.7 3.4
36 11 1.4 2.0 0.6 0.1 0.6
37 2.7 14 11 1.8 14 1.8
38 0.3 0.6 0.1 0.6 0.1 0.6
39 0.2 8.5 8.2 1.0 8.8 2.6
40
42 1.9 1.2 0.6 0.4 0.5 0.7
43 1.4 2.6 11 3.3 1.4 1.9
44 15 7.5 4.0 3.4 6.2 3.4
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45
46
47
48
49
50
51
52
53
54
55
56

1.9
0.7
0.9

45
0.7
15
11
0.7
0.2
0.3

3.8
0.4
0.8

10.6
7.5
3.4
1.7
0.4
0.4
0.6

0.9

13.4
5.1
5.1
11
0.1
0.1
11

0.2
1.4
1.3

10.7
2.3
5.1
14
0.6
0.6
0.6

1.2

16.4
10.0
3.7
14
1.2
1.2
0.1

1.8
0.2
1.0

11.6
15.3
6.7
1.4
0.2
0.2
0.6
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Table 7-4 Z-score for phosphate

LABNUM sample#1  sample#2  sample#3 sample#4 sample#5 sample#6

1 0.7 6.5 0.9 1.5 14 15

2 0.8 05 11 0.3 0.5 0.1

3 0.7 0.5 0.2 0.8 0.9 0.8

4 0.5 0.3 0.6 1.3 0.5 0.1

5 0.5 1.5 1.4 0.7 0.9

6 2.6 1.4 0.6 1.5 15 18

7 0.1 0.8 1.4 0.1 0.0 0.1

9 8.6 14.2 12.8 10.1 11.3 8.7
10 0.2 1.9 1.8 0.4 0.0 0.4
11 2.6 0.3 0.4 1.3 1.0 0.8
12 1.1 5.7 5.0 2.0 2.5
13 2.0 1.6 14 1.3 15 15
14 1.0 0.0 5.0 0.6 1.7 0.6
15 0.4 2.2 2.0 1.5 0.0 1.7
16 0.2 6.1 6.8 4.4 1.0 4.6
17 0.7 1.0 1.2 1.7 0.2 1.2
18 0.7 1.4 1.8 0.3 0.5 0.1
19 1.9 05 0.9 0.1 14 0.1
20 1.0 1.6 1.1 1.0 2.4 13
23 0.8 0.8 13 1.3 0.5 2.4
24 2.9 0.0 0.0 3.6 1.4 2.4
25 0.3 0.3 0.3 0.7 0.5 0.1
26 1.4 11 0.2 1.5 0.5 2.0
27 0.8 6.6 6.1 4.1 5.9 4.1
28 4.7 11 0.3 1.8 1.5
29 0.8 0.0 0.3 0.4 1.0 0.1
30 0.8 6.3 6.3 2.5 1.4 2.9
31 2.0 6.3 5.8 1.7 0.0 1.0
32 16.4 15.3 11 12.9 1.5 12.9
33 1.3 1.4 0.2 0.8 2.9 0.6
34 6.2 7.1 4.1 3.8 1.4 4.8
35 0.2 52 4.9 3.3 44 2.6
36 1.6 9.8 10.7 4.0 0.9 4.0
37 0.1 35 3.8 2.4 1.0 2.2
38 1.1 0.1 0.3 0.8 1.6 0.8
39 1.6 12.3 8.0 5.0 5.9 9.6
40 0.1 0.8 0.2 0.3 0.5 0.6
42 0.8 0.5 1.0 0.8 0.3 0.9
43 3.2 10.0 6.2 3.6 0.3 3.3
44 0.7 0.8 1.6 0.6 24 0.3
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45
46
47
48
49
50
51
52
53
54
55
56

1.6
14
9.8
0.7
6.8
2.9
0.5
0.2
11
0.8
0.5
0.4

1.4
1.1
511
0.3
3.0
58.4
1.6
25
2.7
0.8
0.3
0.3

0.7
2.7
32.6
0.5
0.6
0.3
15
25
2.5
0.5
0.5
0.0

0.8
1.1
16.0
0.6
4.5
4.3
0.8
0.8
0.6
0.3
0.1
0.3

3.7
1.0

0.9
14.3
6.9
1.0
0.0
0.9
1.0
0.5
0.9

0.6
0.6
15.9
0.6
4.3
3.8
1.5
0.8
1.3
0.3
0.3
0.8
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Table 7-5 Z-score for silicate

LABNUM sample#1  sample#2  sample#3 sample#4  sample#5 sample#6

1 0.3 1.7 0.5 11 0.8 1.0
2
3 0.8 1.5 2.8 1.6 3.0 1.3
4 0.6 0.7 14 13 0.2 3.0
5 1.4 2.9 4.2 3.9 14 4.2
6 1.6 0.2 0.9 13 0.7 1.6
7 0.0 0.6 0.4 0.6 0.2 0.8
9 4.4 6.4 5.8 9.6 12.0 8.0
10 0.1 0.3 0.6 0.8 0.7 0.9
11
12 1.1 1.8 2.2 1.6 1.6 2.4
13
14 0.1 1.5 2.0 3.2 0.8 3.1
15 0.2 1.6 1.6 2.0 0.7 1.9
16 1.0 2.9 3.9 3.6 0.2 3.3
17 1.5 3.5 4.3 4.0 0.4 3.8
18 0.1 1.0 1.0 0.9 0.6 0.9
19 1.4 2.4 3.0 2.2 1.0 1.9
20 1.7 2.9 1.6 0.2 0.7 1.4
23 1.3 0.2 0.4 1.0 1.8 0.9
24 1.5 4.7 20.8 5.3 3.0 5.0
25 0.7 0.3 0.5 0.7 0.8 0.8
26 11 0.0 0.3 0.6 2.5 0.4
27 7.8 1.7 0.9 0.3 7.9 0.4
28
29 1.5 0.4 0.8 4.0 1.9 3.2
30 2.5 4.7 2.6 5.4 0.7 5.7
31 0.0 1.2 1.5 14 0.3 2.0
32
33 0.5 0.3 0.6 0.4 0.8 0.3
34 0.2 0.0 0.4 1.2 1.4 0.9
35 0.0 6.7 1.4 0.1 1.5 0.3
36 2.2 0.1 1.2 0.1 3.8 0.1
37 2.6 4.5 5.2 4.2 3.7 4.8
38 19.4 0.6 0.9 0.8 0.0 0.8
39 4.2 7.4 18.4 11.0 0.6 28.3
40
42 2.9 2.3 0.5 0.7 1.6 0.7
43 0.3 1.3 0.9 0.4 3.8 0.5
44 3.0 1.6 0.7 0.5 0.1 0.3
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45
46
47
48
49
50
51
52
53
54
55
56

0.1
2.0
11
0.5
0.4
10.5
0.4
1.6
1.8
0.7
0.7
0.5

0.1
2.6
1.0
0.2
3.7
25.6
0.8
55
1.2
0.9
11
0.1

0.2
3.1
0.4
0.4
4.5
335
2.5
6.8
1.0
1.2
1.8
0.3

1.3
3.9
0.4
0.4
1.8
26.9
2.2
5.1
2.7
0.6
2.5
0.0

1.6
0.3
1.0
0.2
0.2

1.3
0.0
4.6
1.9
1.0
0.1

1.3
3.3
11
0.4
14
137.0
2.6
4.9
0.8
0.5
2.6
0.3
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Table 7-6 Z-score for phosphate and nitrate+nitrite

LABNUM sample#1  sample#2 sample#3 sample#4 sample#5 sample#6

1 0.5 3.7 1.0 2.2 14 1.5
2 0.7 1.0 1.4 0.4 0.5 0.2
3 0.5 0.6 0.4 0.6 0.7 0.5
4 1.0 1.6 1.5 2.1 0.7 1.7
5 0.6 1.2 0.7 1.0 11
6 4.2 2.4 11 4.0 1.2 3.4
7 0.3 0.9 1.0 0.5 0.9 0.5
9 8.1 10.3 8.9 8.9 10.7 7.7
10 0.8 1.3 1.2 05 0.5 0.5
11 1.6 0.6 0.4 1.3 0.8 1.0
12 2.7 4.5 3.3 2.9 3.1
13 11 1.0 0.7 0.9 1.2 1.0
14 3.5 5.0 7.1 7.1 0.9 6.9
15 0.2 1.5 1.3 1.2 1.2 1.5
16 0.4 5.0 5.2 3.9 1.0 3.9
17 1.3 2.5 2.3 2.7 24 2.1
18 0.9 0.9 1.0 0.2 0.7 0.2
19 1.6 1.6 1.3 0.9 2.3 1.2
20 1.3 11.9 13.3 3.1 2.4 3.4
23 1.2 0.7 1.2 11 0.5 1.7
24 2.4 0.8 0.9 1.8 1.2 1.4
25 0.5 0.4 0.3 0.7 0.9 0.3
26 0.7 0.7 0.1 1.0 25 14
27 0.6 3.7 3.2 2.9 10.7 2.9
28 6.8 1.1 0.3 2.3 58.7 2.5
29 1.0 0.1 0.5 0.6 1.0 0.5
30 0.5 3.2 3.3 1.6 2.8 2.2
31 2.0 3.9 3.7 2.3 17.9 2.1
32 10.7 9.9 10.5 10.4 36.3 10.4
33 0.7 0.9 0.2 05 4.7 0.4
34 3.2 4.2 2.4 2.0 14 2.4
35 0.7 3.2 3.1 3.2 6.5 3.1
36 1.6 6.3 5.8 2.0 24 2.2
37 0.8 2.1 2.5 15 0.8 1.4
38 0.9 0.4 0.3 0.8 15 0.8
39 4.0 15.9 9.3 21.3 6.6 22.9
40
42 0.5 0.9 1.3 0.8 0.5 0.7
43 1.7 5.8 3.5 2.8 0.6 2.2
44 0.4 0.9 1.2 0.4 1.7 11
45 1.3 1.0 0.7 0.7 3.7 0.7
46 1.5 2.1 2.8 2.3 1.4 1.9
47 5.0 26.3 16.9 8.4 8.5
48 0.9 05 0.4 0.6 0.9 0.7
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49
50
51
52
53
54
55
56

54
3.0
1.7
0.3
11
1.8
0.7
0.4

2.1
334
1.6
1.9
2.0
0.4
0.8
0.9

0.8
3.5
0.8
1.9
1.6
0.9
0.6
1.2

3.2
4.5
1.4
0.9
0.9
1.0
0.8
0.5

14.0
12.6
1.9
0.5
3.4
0.7
0.5
0.7

3.0
19.1
1.3
0.9
1.4
11
0.9
1.2

Note: * means nitrate used instead of nitrate+nitrite
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Table 7-7 Z-score for phosphate, nitrate+nitrite and silicate

LABNUM sample#1  sample#2 sample#3 sample#4 sample#5 sample#6
1 0.5 3.0 0.8 1.8 1.1 1.3
2
3 0.6 0.9 1.2 0.9 15 0.8
4 0.9 1.3 1.5 1.8 0.6 2.1
5 0.9 1.8 1.9 2.0 2.1
6 3.3 1.7 1.0 3.1 1.0 2.8
7 0.2 0.8 0.8 0.5 0.7 0.6
9 6.9 9.0 7.9 9.2 11.1 7.8

10 0.6 1.0 1.0 0.6 0.6 0.6
11

12 2.1 3.6 3.0 25 2.9
13

14 2.3 3.8 5.4 5.8 0.8 5.7
15 0.2 1.5 1.4 15 1.0 1.6
16 0.6 4.3 4.8 3.8 0.8 3.7
17 1.3 2.8 3.0 3.1 1.7 2.7
18 0.6 0.9 1.0 0.4 0.7 0.4
19 1.5 1.8 1.9 1.4 1.9 1.5
20 14 8.9 94 2.1 15 2.7
23 1.2 0.5 0.9 1.1 1.1 1.4
24 2.1 2.1 7.5 3.0 1.8 2.6
25 0.6 0.4 0.4 0.7 0.9 0.5
26 0.8 0.5 0.2 0.9 25 1.1
27 3.0 3.1 2.4 2.0 9.8 2.1
28

29 1.1 0.2 0.6 1.7 1.3 1.4
30 1.2 3.7 3.1 2.9 2.1 3.3
31 1.3 3.0 3.0 2.0 12.0 2.1
32

33 0.6 0.7 0.3 0.5 3.4 0.4
34 2.2 2.8 1.7 1.7 1.4 1.9
35 0.5 4.4 2.5 2.2 4.9 2.2
36 1.8 4.2 4.3 14 2.9 1.5
37 1.4 2.9 34 2.4 1.8 2.6
38 7.0 0.5 0.5 0.8 1.0 0.8
39 4.0 13.1 12.3 17.9 4.6 24.7
40

42 1.3 1.4 1.0 0.8 0.8 0.7
43 1.2 4.3 2.6 2.0 1.7 1.6
44 1.3 1.1 1.1 0.4 1.1 0.8
45 0.9 0.7 0.5 0.9 2.7 0.9
46 1.7 2.3 2.9 2.8 1.0 2.4
47 3.7 17.8 11.4 5.7 6.0
48 0.8 0.4 0.4 0.5 0.7 0.6
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49
50
51
52
53
54
55
56

3.7
55
1.3
0.7
1.4
1.4
0.7
0.4

2.6
30.8
1.3
3.1
1.7
0.6
0.9
0.7

2.0
135
1.3
3.5
1.4
1.0
1.0
0.9

2.7
12.0
1.7
2.3
1.5
0.9
1.4
0.3

9.4
12.6
1.7
0.3
3.8
11
0.7
0.5

2.5
58.4
1.7
2.2
1.2
0.9
15
0.9

Note: * means nitrate used instead of nitrate+nitrite
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6. Conclusions

We used autoclaved natural seawater as a reference material for nutrient analysis in
an inter-laboratory comparison study conducted during 2006, and we compared the
2006 data with data from a similar study conducted in 2003. Sample homogeneities for
nitrate, phosphate, and silicate were 0.22%, 0.32%, and 0.19%, respectively. Sets of six
samples were prepared covering concentration ranges of 0.1-42.4 pmol kg™ for nitrate,
0.0-0.6 umol kg™ for nitrite, 0.0-3.0 pmol kg™ for phosphate, and 1.7-156.1 pmol kg™
for silicate. A set of samples was distributed to each of 55 laboratories in 20 countries.
Results were returned by 52 laboratories in 19 countries.

Analytical precisions reported by the participating laboratories for all deteminands
were generally better, by at least 50%, than the consensus standard deviations for the
reported concentrations. Consensus standard deviations of sample #2 for all
determinands were quite large, 5-10 times the corresponding homogeneities for sample
#2 for all determinands. We suggest that in some laboratories, the non-linearity of the
instruments was not corrected for effectively.

Our results indicate that variability of the in-house standards used by the
participating laboratories, and the handling of the non-linearity of the instruments of the
participating laboratories, were the primary sources of discrepancies in the results
reported.

Our results also indicate that the non-linearity of the calibration curves for nutrient
analysis was also a significant source of error, as well as the non-linear value-dependent
errors.

Therefore, the use of a certified reference material that covers the full range of
nutrient concentrations found in seawater, and the use of a common methodology for
treatment of nutrient data, are essential to establish the global comparability of nutrient
data for the world’s oceans.
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Appendix I

List of participating laboratories
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Table Al — List of participating laboratories

Lab# Name Affiliation Country
1 Nurit Kress Israel Oceanographic & Limnological Res Israel
2 Naoki Nagai Oceanographical Division Japan
Maizuru Marine Observatory
3 Susan Becker Scripps Institution of Oceanography US.A.
Jia-Zhong Zhang Ocean Chemistry Division U.S.A.
Atlantic Oceanographic and Meteorological
Laboratory (AOML), NOAA
5  Minhan Dai State Key laboratory of Marine Environmental Science China
6 David J Hydes National Oceanography Centre U.K.
7 Roger Kerouel IFREMER France
8 - - -
9  Cristopher Schmidt Texas A&M University U.S.A.
10 Hiromi Kasai Hokkaido National Fisheries Research Institute, Japan
Fisheries Research Agency
11  Shinji Masuda Marine Division, Nagasaki Marine Obsevatory Japan
12 Anita Nybakk Chemical laboratory Norway
Institute of Marine Research (Norway)
13 Masamitsu Kumagai Hakodate Marine Observatory Japan
14  E.Malcolm. S. Plymouth Marine Laboratory U.K.
Woodward
15 Yoko Kiyomono Seikai National Fisheries Research Institute, Japan
Fisheries Research Agency
16 Thomas Raabe AquaEcology Germany
17 Monika Schuett Institute of Biogeochemistry and Marine Chemistry Germany
University of Hamburg
18  Agnes Youénou IFREMER France
19  Olivier Pierre-Duplessix ~ LERN/IFREMER France
20  MsTheresa M. Shammon Marine monitoring, Government Laboratory, Isle of Man,
Department of Local Government and the British Isles
Environment, Isle of Man Government.
21 - - -
22 - - -
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Lab# Name Affiliation Country
23 T Moutin Laboratoire d'Océanographie et de Biogéochimie, France
Centre d'Oceanologie de Marseille, UMR 6535
CNRS
24  Gwo-Ching Gong Institute of Marine Environmental Chemistry and Taiwan

25

26

27

28

29

30
31

32

33

34

35

36

37

38

Jan Van Ooijen

Hidekazu Ota

Paul Worsfold

Clemens Engelke

Takashi Miyao

Mireille Pujo-Pay
Li Yarong

Sophie Leterme

Phil Yeats

Marguerite Blum

Gi-Hoon Hong

Katherine A. Krogslund

Toste Tanhua

Akihiko Murata

Kenichiro Sato

Ecology, National Taiwan Ocean University

Royal N. I. O. Z. (Nethherlands Institute for Sea
Research)

Laboratory for Instrumentation and Analysis
The General Environmental Technos Co., LTD.
(KANSO TECHNOS)

University of Plymouth, School of Earth, Ocean
& Environmental Sciences

Scottish Environmnet Protection Agency
(SEPA), Marine Chemistry

Marine Division,
Global Environment and Marine Department,
Japan Meteorological Agency

Laboratoire Arago - CNRS

Environmental Forensic and Analytical Science,
Department of Environment and Conservation
(NSW)

School of Biological Sciences, University of
Plymouth

Environmental Research Division, Bedford
Institute of Oceanography

Monterey Bay Aquarium Research Institute
Korea Ocean Research & Development Institute

School of Oceanography, University of Washington

Leibenz-Institute of Marine Sciences
University of Kiel

Japan Agency for Marine-Earth Science and
Technology (JAMSTEC)
Marine Works Japan (MWJ)

42

The Netherlands

Japan

U.K.

U.K.

Japan

France

Australia

U.K.

Canada

U.S.A.
South Korea

US.A.
Germany

Japan
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Lab# Name Affiliation Country
39  Metiek Kimie University of Guam Marine Lab US.A.
Ngirchechol
40  Takeshi Yoshimura Environmental Science Research Laboratory, Japan
Central Research Institute of Electric Power Industry
41 - - -
42  Ingela Dahllof National Environmental Research Institute, Denmark Denmark
43  Chris Payne University of British Columbia Canada
Earth and Ocean Sciences Department
44  Elisabete De Santis Braga  Instituto Oceanografico da Universidade de S&o Paulo Brazil
45  Marc Knockaert MUMM - Management Unit of the North Sea Belgium
Mathematical Models
Dept. MUMM LABORATORY
46  Edward Czobik New South Wales Department of Environment Australia
and Conservation
47  Garvan O Donnell Marine Institute Ireland
48  Janet Barwell-Clarke Institute of Ocean Sciences Canada
49  Ming-Ming Jin Laboratory for Marine Biogeochemistry and China
Ecosystem (LAMBYS),
Second Institute of Oceanography, State Oceanic
Administration
50 Jun Sun Key Laboratory of Marine Ecology & China
Environmental Science
Institute of Oceanology,
Chinese Academy of Sciences
51 Jianming Pan The Second Institute of Oceanography, SOA, China China
52  Hiroshi Ogawa Ocean Research Institute, The University of Tokyo Japan
53  Gulnther Nausch Department of Marine Chemistry, Germany
Leibniz-Institute for Baltic Sea Research
54  Stephen C. Coverly Bran+Luebbe Germany
55  Kazuhiro Saito Kobe Marine Observatory Japan
56 Linda White Institute of Ocean Science — Arctic research Canada
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Table A2 Cross reference table of lab# between 2006 1/C in and 2003 I/C

RMNS Inter-comparison study

Lab#
2003*

1 2
2 10
3 3
4

5 1
6

7 6
9

10 17
11 15
12

13 5
14

15 18
16

17

18 11
19

20

23

24

25

26 16
27

28

29 9
30
31
32
33
34
35
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36
37
38 13
39
40
42
43
44
45
46
47
48
49
50
51
52 7
53
54
55 14
56

* . Laboratory# of 2003 Inter-comparison study
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Appendix 11
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Appendix 111

Scatter plots and histograms of the results

59



2006 Inter-laboratory Comparison study

60



2006 Inter-laboratory Comparison study

Sample 1 Nitrate+Nitrite

Consensus Value: 6.32 + 0.19 umol kg™
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Figure Al-1 Nitrate+nitrite results: concentrations versus laboratory number

(upper panel)
Frequency distribution of nitrate+nitrite concentration of sample #1 ( lower panel)
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Sample 2 Nitrate+Nitrite

Consensus Value: 33.69 + 0.43 umol kg™
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Figure Al-2 Nitrate+nitrite results: concentrations versus laboratory number

(upper panel)
Frequency distribution of nitrate+nitrite concentration of sample #2 ( lower panel)
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Sample 3 Nitrate+Nitrite

Consensus Value: 42.47 + 0.70 umol kg™
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Figure Al-3 Nitrate+nitrite results: concentrations versus laboratory number

(upper panel)
Frequency distribution of nitrate+nitrite concentration of sample #3 ( lower panel)
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Sample 4 Nitrate+Nitrite

Consensus Value: 22.00 + 0.34 umol kg™
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Figure Al-4 Nitrate+nitrite results: concentrations versus laboratory number
(upper panel)
Frequency distribution of nitrate+nitrite concentration of sample #4 ( lower panel)
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Sample 5 Nitrate+Nitrite

Consensus Value: 0.02 + 0.02 umol kg™

2.0 — — 1
2 oas| L
: R
= 3 s h 3 3
g 10pe e E— — ——
s 5 3 3 3 1
=
+ :
[} : | ' ' :
5 1 3 1 1 3
T i e e
= 1 1
1 Ee 7
: o | s & : '
10 20

0 30 40 50 60

Laboratory Number

20 M T T T T T T T T T T T T
15
Py s
o |
S 10 |
) s
z
5|
03 | \HHH\IHHH\H
0 0.4 0.8 1.2 1.6
;umolkg'1

Figure Al-5 Nitrate+nitrite results: concentrations versus laboratory number

(upper panel)
Frequency distribution of nitrate+nitrite concentration of sample #5 ( lower panel)
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Sample 6 Nitrate+Nitrite

Consensus Value: 22.00 + 0.34 umol kg™
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Figure Al-6 Nitrate+nitrite results: concentrations versus laboratory number
(upper panel)
Frequency distribution of nitrate+nitrite concentration of sample #6 ( lower panel)
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Sample 1 Nitrate

Consensus Value: 5.68 + 0.20 umol kg™
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Figure A2-1 Nitrate results: concentrations versus laboratory number ( upper
panel)

Frequency distribution of nitrate concentration of sample #1 ( lower panel)
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Sample 2 Nitrate

Consensus Value: 33.58 + 0.42 umol kg™
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Figure A2-2 Nitrate results: concentrations versus laboratory number ( upper
panel)

Frequency distribution of nitrate concentration of sample #2 ( lower panel)
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Sample 3 Nitrate

Consensus Value: 42.40 + 0.67 umol kg™
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Figure A2-3 Nitrate results: concentrations versus laboratory number ( upper

panel)

Frequency distribution of nitrate concentration of sample #3 ( lower panel)
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Sample 4 Nitrate

Consensus Value: 21.60 + 0.33 umol kg™

250 -
|
[l s B S B S R
= 7
I
'E JGEEO% I o | ‘
< I E% P ] =
210 S R e -

Laboratory Number

20 T T T T T T T T T T T T

15

o

o)

S 10

=]

P
5
0 LU i i I
8.4 11.9 154 18.9 22.4

& mol kg'1

Figure A2-4 Nitrate results: concentrations versus laboratory number ( upper
panel)

Frequency distribution of nitrate concentration of sample #4 ( lower panel)

70



2006 Inter-laboratory Comparison study

Sample 5 Nitrate

Consensus Value: 0.04 + 0.04 umol kg™
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Figure A2-5 Nitrate results: concentrations versus laboratory number ( upper
panel)

Frequency distribution of nitrate concentration of sample #5 ( lower panel)
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Sample 6 Nitrate

Consensus Value: 21.60 + 0.33 umol kg™
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Figure A2-6 Nitrate results: concentrations versus laboratory number ( upper
panel)

Frequency distribution of nitrate concentration of sample #6 ( lower panel)
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Sample 1 Nitrite

Consensus Value: 0.63 + 0.02 umol kg™
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Figure A3-1 Nitrite results: concentrations versus laboratory number (upper
panel)
Frequency distribution of nitrite concentration of sample #1 ( lower panel)
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Sample 2 Nitrite

Consensus Value: 0.10 + 0.01 umol kg™
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Figure A3-2 Nitrite results: concentrations versus laboratory number ( upper
panel)

Frequency distribution of nitrite concentration of sample #2 ( lower panel)
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Sample 3 Nitrite

Consensus Value: 0.01 + 0.02 umol kg™
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Figure A3-3 Nitrite results: concentrations versus laboratory number ( upper
panel)
Frequency distribution of nitrite concentration of sample #3 ( lower panel)
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Sample 4 Nitrite

Consensus Value: 0.35 + 0.01 umol kg™
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Figure A3-4 Nitrite results: concentrations versus laboratory number ( upper
panel)

Frequency distribution of nitrite concentration of sample #4 ( lower panel)

76



2006 Inter-laboratory Comparison study

Sample 5 Nitrite

Consensus Value: 0.01 + 0.01 umol kg™
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Figure A3-5 Nitrite results: concentrations versus laboratory number ( upper
panel)

Frequency distribution of nitrite concentration of sample #5 ( lower panel)
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Sample 6 Nitrite

Consensus Value: 0.35 + 0.01 umol kg™
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Figure A3-6 Nitrite results: concentrations versus laboratory number (upper

panel)

Frequency distribution of nitrite concentration of sample #6 ( lower panel)
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Sample 1 Phosphate

Consensus Value: 0.49 + 0.03 pmol kg™
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Figure A4-1 Phosphate results: concentrations versus laboratory number ( upper

panel)

Frequency distribution of phosphate concentration of sample #1 ( lower panel)
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Sample 2 Phosphate

Consensus Value: 2.52 + 0.04 umol kg™
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Figure A4-2 Phosphate results: concentrations versus laboratory number ( upper
panel)
Frequency distribution of phosphate concentration of sample #2 ( lower panel)
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Sample 3 Phosphate

Consensus Value: 3.03 + 0.04 umol kg™
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Sample 4 Phosphate

Consensus Value: 1.59 + 0.04 umol kg™
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Sample 5 Phosphate

Consensus Value: 0.03 + 0.02 umol kg™

0.08 1 1 1 J 1

0.06 [¢-{—- % rrrrr & O rrrrrrrrrrrrr e s
g 004 | <> T —————————— ————————————— ———————————— 8
3 3 JU .
s [tran b
© ‘ 3 1 |
< 0.02 —e{— ——————————————————— et ]
3 | | |
2 _ % 1 O
<= | 3 3 s
o i | | :

000 | ¢ o S e .

0 10 20 30 40 50 60
Laboratory Number
20 I I \ [ [

o
o)
S
=}
Z

0.1

0.2

& mol kg'1

0.3
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Sample 6 Phosphate

Consensus Value: 1.59 + 0.04 umol kg™
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Sample 1 Silicate

Consensus Value: 30.09 + 1.06 umol kg™

C77-)
T 820 T
g e e s
& wolfe o g LI
2 00FET T % """ I
% %i @:§ o
2 | | | |
» 280 L N B I A SR
: T P :
‘ | i
T e
1 | i i |
0 10 20 30 40 50 60
Laboratory Number
20 M T T T T T T T T T T T T T T
5
Qo i
£ 10 |
= 3
z
5|
Nl

8.56 13.9119.26 24.61 29.96 35.3140.66 46.01
& mol kg'1
Figure A5-1 Silicate results: concentrations versus laboratory number ( upper

panel)
Frequency distribution of silicate concentration of sample #1 ( lower panel)

85



2006 Inter-laboratory Comparison study

Sample 2 Silicate

Consensus Value: 155.74 + 2.21 pmol kg™
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Figure A5-2 Silicate results: concentrations versus laboratory number ( upper
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Sample 3 Silicate

Consensus Value: 135.36 + 1.57 pmol kg™
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Sample 4 Silicate

Consensus Value: 58.86 + 0.84 umol kg™
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Figure A5-4 Silicate results: concentrations versus laboratory number ( upper
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Frequency distribution of silicate concentration of sample #4 ( lower panel)
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Sample 5 Silicate

Consensus Value: 1.65 + 0.22 umol kg™
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Sample 6 Silicate

Consensus Value: 58.86 + 0.84 umol kg™
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Apendix IV

Documents
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IV -1 Call for participating

7 June 2006
Dear Colleague,

This letter is to invite you to “Inter-comparison study for Reference Material of
Nutrients in Seawater in a seawater matrix 2006”.

The objective of this effort is to establish comparability on nutrient analyses in
seawater among the laboratories/research vessles.

The “Group of Expert on standards and Reference Material” had stated (UNESCO,
1991,1992) the necessity of giving high priority to developing production of Reference
Material of for Nutrients in Seawater (hereafter RMINS) and some researchers has been
carrying out the studies to provide the certified RMNS. Along with the efforts to
provide the certified RMNS, Inter-comparison studys of the nutrients in seawater has
been carried out to establish comparability on nutrients analyses in seawater. The ICES
nutrients Inter-comparisons were done five times since 1965 (UNESCO 1965, 1967;
ICES 1967, 1977; Kirkwood et al., 1991, Aminot and Kirkwood, 1995). In 2000 and
2002, NOAA/NRC Inter-comparisons had carried out to certify the MOOS-1 (Willie
and Clanay, 2000; Clanay and Willie, 2003). In 2003, “Inter-comparison study for
Reference Material of for Nutrients in Seawater in a seawater matrix 2003” was done by
Meteorological Research Institute (Aoyama, 2006, submitted). Six concentrations of the
samples were distributed and a greater range was covered than in the previous
Inter-comparisons. Those concentrations were 0-38 pmol kg™ for nitrate, 0-0.9umol kg™
for nitrite, 0-2.7umol kg™ for phosphate and 0-136pumol kg™ for silicate, respectively. A
total of 18 sets of samples were distributed in 5 countries. Results were returned by 17
laboratories in 5 counties.

This “Inter-comparison study for Reference Material of Nutrients in Seawater in a
seawater matrix 2006” is planned to make more progress in this field. This
Inter-comparison has two advantages. First advantage is that the nutrients
concentrations of the distributed samples would be set to cover the wider ranges of
nutrients concentration rather than those in 2003 Inter-comparison. Second advantage is
that method of preparation of the distributed samples for this Inter-comparison (Aoyama
et al, 2006) becomes available to analyze four determinands, nitrate, nitrite, phosphate
and silicic scid in one bottle simultaneously as natural seawater samples.

A reply sheet attached should be used to confirm your participation and following
points should be clearly understood.

1, If you do not return the sheet by the end of July 2006, you will not receive any
RMNS samples.
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2, 1 will acknowledge receipt of your reply and list of the participants on 15 August
2006. If you do not receive an acknowledgement by 15 August 2006, please contact us
in case your reply has gone elsewhere.

3, The reply sheet will confirm that your wish to participate this comparison exercise
and to analyzing the samples and submitting results before the reporting deadline, 25
December 2006, or returning the samples intact before the reporting deadline, if for any
reason you are unable to analyze them. | expect to receive nutrients concentrations for
nitrate, nitrite, phosphate and silicate.

4, All results reported will be published with the name of data originator after the data
in the publication is confirmed by each data originator.

Some documents are available at our web page
http://www.mri-jma.go.jp/Dep/ge/RMNScomp.html and anonymous ftp site
mri-2.mri-jma.go.jp. In the directory /pub/geochem/outgoing/rmns_comp in the
anonymous ftp site, you will find and can download (set to binary mode, please) a draft
of “Report of Inter-comparison study for Reference Material of for Nutrients in
Seawater in a seawater matrix 2003”.

Best regards,

Michio AOYAMA, Dr.

Senior Scientist

Geochemical Res. Dep.
Meteorological Research Institute
e-mail: maoyama@mri-jma.go.jp
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Inter-comparison study for Reference Material of for Nutrients in Seawater in a
seawater matrix 2006

IMPORTANT DATES
DEADLINE OF REPLY: 31 JULY 2006.
LIST OF PARTICIPANT: 15 AUGUST 2006.
SAMPLES SHIPPED BY : 15 SEPTEMBER 2006
REPORTING DEADLINE: 25 DECEMBER 2006

EXPECTED DRAFT OF INTER-COMPARISON SUMARY
28 FEBRUARY 2006
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PLEASE RETURN THIS SHEET TO kagaku22@mri-jma.go.jp
or mail to
Michio AOYAMA
Geochemical Res. Dep.
Meteorological Res. Inst.
1-1 Nagamine, Tsukuba,
305-0052 JAPAN
Inter-comparison study for Reference Material of for Nutrients in Seawater in a
seawater matrix 2006

I have received your letter and now return this sheet to confirm my intention to
participate.

Name:

Affiliation:

Full postal address to receive samples

E-mail

Date:

Your comment:

Note: You can download this format from
http://www.mri-jma.go.jp/Dep/ge/RMNScomp.html
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IV — 2 Instructions for RMNS bottles

Instructions for samples

1. Package contents
1) Your package contains 6 bottles
2) You will see the sample IDs, from samplel to sample 6, and lab# with your name.

2. Preparations of samples

1) No preservatives have been added.

2) The details of preparation are given in a paper entitled “Reference material for
nutrients in seawater in a seawater matrix”.

3. Analyses

1) Samples are ready for analyses, then please use them without filtration and just after
you open the bottles. Again, no preservatives have been added, when opened their
sterility will be lost.

2) Salinities of samples are as follows;

SAMPLE 1 34.63+-0.01
SAMPLE 2 34.33+-0.01
SAMPLE 3 34.45+-0.01
SAMPLE 4 34.45+-0.01
SAMPLE 5 34.62+-0.01
SAMPLE 6 34.45+-0.01

3) Concentrations of the nutrients can be assumed to be in the following ranges in
micromoles per kilogram. Some people may be surprised by high concentrations of
sample 2 and 3, however, these samples are Pacific origin.

Nitrite Nitrate Nitrite+Nitrate  Phosphate  Silicic acid
SAMPLE 1 <1.0 <10 <1.0 <50
SAMPLE 2 <02 <45 ------- <35 ------- <17O
SAMPLE3 <02 <5 a5 <arn
SAMPLE4 <10 <5 <0 <100
SAMPLE 5 <02 <5 --------- <05 ------- <1O
SAMPLE 6 <1O <25 ------- <20 ------- <1OO

4. Reporting of results

1) Report concentrations in micromoles per kilogram using the reporting format
attached. You can have a file of a reporting format in the website of this
Inter-comparison at MRI.
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2) Please report one value for each parameter for each sample.

3) Participants are welcome to add your estimation on analytical uncertanity for each
parameter for each sample (ex. 1.23+0.04; 23.45+0.67).

4) REPORTING DEADLINE: 25 December 2006
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Appendix V

History of nutrient inter-laboratory comparison study
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Appendix V  History of nutrient inter-laboratory comparison studies

This history of nutrient inter-laboratory comparison studies is based on several reports
from previous inter-laboratory comparison studies. The history of the first to fourth
ICES exercises is included in Aminot and Kirkwood’s (1995) detailed report of the fifth
ICES inter-comparison. The results of the fifth ICES exercise and the first and second
NOAA/NRC inter-comparisons are also summarized in this appendix.

1. First ICES exercise
The first inter-laboratory comparison study to include nutrients was a regional exercise

conducted entirely in the Baltic Sea in June 1965, when the following three research
vessels met by private agreement in Copenhagen:

Aranda Institute of Marine Research (IMR), Helsinki
Hermann Wattenberg  Institut fiir Meereskunde, Kiel
Skagerak Royal Fishery Board, Gothenburg

Each ship contributed freshly collected bulk samples, which were subsampled and
analyzed on board each of the three participating ships on the same day. Oxygen,
salinity, chlorinity, alkalinity, and phosphate were determined.

2. Second ICES exercise

The second ICES exercise, carried out in 1966 under the auspices of the newly formed
ICES Working Group on the Intercalibration of Chemical Methods, was also
predominantly a Baltic initiative and consisted of two parts: Part I, Leningrad, during
the 5th Conference of Baltic Oceanographers (May 1966); and Part 11, Copenhagen, at
the 54th ICES Statutory Meeting (September 1966).

Part |

The following research vessels participated:

Alkor Institut fir Meereskunde, Kiel

Okeanograf Institute of Marine Research, Leningrad
Prof Otto Krammel Institut fur Meereskunde, Warnemiinde
Skagerak Fisheries Board of Sweden, Gothenburg

Research vessels delivered bulk samples, which were subsampled and analyzed almost
immediately for oxygen, salinity, chlorinity, pH, and phosphate.

Part 11

The list of interested parties continued to grow, and in addition to Baltic countries,
Norway and the UK were represented. Research vessels delivered bulk samples, and the
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participants analyzed the samples simultaneously while in Copenhagen. The
determinands of primary interest included not only oxygen, salinity, chlorinity, and
phosphate (as for Part | and the previous year's exercise in Copenhagen) but also
nitrate, nitrite, and silicate.

The final report, edited by Grasshoff (UNESCO, 1966), makes no mention of nitrate or
nitrite, but some of those who were present indicated that these results were "too terrible
to be included"! To be fair to those involved, 1966 was early in the development of
heterogeneous cadmium-based nitrate/nitrite reduction techniques, and some of the
analytical problems were presumably not fully appreciated at that time.

Evidently nitrate analysis had some way to go to exhibit the reliability and ease of
operation of the Murphy and Riley (1962) phosphate technique, but note that
inter-laboratory comparison study on phosphate up until then had consisted of a series
of simultaneous analyses of freshly obtained subsamples carried out by a few highly
competent workers, working in close contact with one another and exchanging
calibration solutions, ideas, technical details, and so on. Subsequent to the Copenhagen
trials, Jones and Folkard (ICES, 1966) undertook a detailed laboratory examination of
the individual methods used by the participants, and, in their contribution to Grasshoff’s
report, they announced, "There seems to be no need for any further intercalibration in
the determination of inorganic phosphate by this method".

Clearly this happy state of affairs could and did not last. Along came the autoanalyzer!
3. Third ICES exercise

The third ICES exercise was organized by the ICES Working Group on Chemical
Analysis of Sea Water under the joint auspices of ICES and SCOR, and its official title,
"The International Intercalibration Exercise for Nutrient Methods 2, shows that it was
an ambitious project.

Samples were distributed in 1969-1970, and 45 laboratories from 20 countries
submitted results. The final report on the results of the exercise was not published for
several years (ICES, 1977).

The time had come to study nutrients separately from oxygen, salinity, chlorinity, and
pH, but with the awareness of the problems arising from the instability of natural
seawater samples, the organizers chose to use standard solutions that were prepared and
distributed by the Sagami Chemical Research Center, Japan. [Note added by Aoyama:
The standard solutions used in this exercise were Cooperative Survey of Kuroshio
(CSK) standards, which are solutions in artificial seawater for nitrate, phosphate, and
silicate, and in pure water for nitrite.]

In this exercise, participants performed the analyses in their own laboratories, but
despite the fact that the participants were aware that they had been supplied with
appropriate blank solutions for each determination, the overall accuracy, particularly for
phosphate and nitrate, was disappointing.

101



2006 Inter-laboratory Comparison study

The report concludes, "As methods did not diverge much, it is clear that variations must
be sought primarily in the standardization procedures. The results will also aid
participants in re-evaluating their analytical procedures by comparison of their methods
with those that appear most satisfactory from this exercise".

The names of the participating laboratories were listed, as were the tables of results, but
it was not possible to link the names with the results. Hindsight suggests that the lack of
such a link may have been counterproductive; we now suspect that there is no greater
incentive for a laboratory to improve its performance than the knowledge that peer
laboratories throughout the world will be made aware that it is producing poor-quality
data.

4. Fourth ICES exercise

Various "workshop” and multiship events following the third ICES exercise included
nutrient studies, but not until many years later (1988) did the ICES Marine Chemistry
Working Group produce volunteers (Don Kirkwood, Alain Aminot, and Matti Perttil&)
to organize the next large-scale inter-calibration exercise, designated NUTS I/C 4. This
exercise did not set out to be global; it began only with laboratories in ICES member
countries, but other laboratories that were interested in participating were not turned
away.

The fourth exercise differed from the third in three important respects:

1) The test samples were natural or near-natural seawater rather than standard solutions.
(Strictly speaking, this made the exercise an inter-comparison rather than an
inter-calibration.)

2) Participants were unaware that blank samples had been included.

3) Anonymity was abolished. Participants were made aware from the outset that the
final report would list identities of laboratories, results, and contact information for
the participants.

Sixty-nine laboratories from 22 countries submitted results and, thanks in some measure
to the telefax machine, the final 83-page report (Kirkwood et al., 1991) was in the hands
of participants within two years of the distribution of samples. Statistical treatment
identified 58 laboratories consistent in phosphate analyses, 51 consistent in nitrate
analyses, and 48 consistent in both phosphate and nitrate analyses, including a group of
12 whose results were especially close to the consensus concentrations.

5. Fifth ICES exercise

Owing to the generally perceived need for more and better quality control in analytical
measurement, a fifth ICES inter-laboratory comparison study was carried out in 1993. A
total of 142 sets of samples were distributed in 31 countries. Results were returned by
132 laboratories, 61 of which had participated in the fourth inter-comparison and 56 of
which were participating in Quality Assurance of Information for Marine
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Environmental Monitoring in Europe. The distribution of the laboratories was as
follows: UK (22), Germany (18), Sweden (13), France (11), Spain (8), USA (7),
Norway (5), Ireland (5), Australia (4) Canada (4), Netherlands (4), Denmark (3), Greece
(3), Portugal (3), Belgium (2), Estonia (2), Finland (2), Italy (2), Poland (2), Argentina
(1), Bermuda (1), China (1), Faroe Islands (1), Iceland (1), Japan (1), Latvia (1),
Lithuania (1), New Zealand (1), Qatar (1), South Africa (1), and Turkey (1)

The method of sample preparation—autoclaving—for the fifth exercise imposed
constraints that resulted in there being only two relevant determinands per sample
(nitrate and nitrite in one series, and phosphate and ammonia in the other series).

A large volume of low-nutrient natural seawater was spiked with known
concentrations of nutrient salts. Although the concentrations in the distributed samples
covered a greater concentration range than the concentrations in the fourth exercise, the
concentration levels in the fifth exercise were chosen as representative of the Atlantic
Ocean: 1-26 pumol L™ for nitrate and 0.08-1.85 umol L™ for phosphate.

6. 2000 NOAA/NRC inter-comparison

The test material distributed in this inter-comparison was MOOS-1, a proposed
reference material for nutrients in seawater (Clancy and Willie, 2004). The sample
material was intended to be a certified reference material for silicate, phosphate, nitrite,
and nitrate+nitrite. Participating laboratories were each sent two bottles of MOOS-1 and
asked to perform duplicate analyses on each of the bottles. The prepared samples were
sent to 36 participating laboratories, and 30 sets of results were returned.

The results of this inter-comparison may, in several respects, have been compromised
by sample homogeneity problems. The target standard deviation for measuring p-scores
was too broad and did not reflect the measurement precision that could be attained.

7. 2002 NOAA/NRC inter-comparison

An inter-laboratory comparison study was undertaken to assess the current capabilities
of a group of laboratories to quantitate orthophosphate, silicate, nitrite, and
nitrate+nitrite in a seawater sample. This was the second such exercise sponsored by the
NOAA Center for Coastal Monitoring and Assessment (CCMA), and the exercise was
coordinated by the Institute for National Measurement Standards of the National
Research Council Canada. Two seawater samples—one from Pensacola Sound, Florida,
and a proposed certified reference material for nutrients in seawater (MOOS-1)—were
distributed to 31 laboratories. Twenty-four laboratories submitted data. Methodologies
were not prescribed to the participants; however, all reported results were obtained
using traditional colorimetric procedures. Generally, satisfactory agreement among
participants was achieved, with results within 10% of the assigned mean values.

The results from this exercise suggest that the homogeneity problem identified in the
first NOAA/NRC inter-laboratory comparison study was overcome, although the
orthophosphate data indicated a larger inter-laboratory spread of results than expected.

Results for silicate, nitrite, and nitrate+nitrite in the distributed seawater samples were
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acceptable for the majority of the participants and generally deviated by less than +10%
from the assigned mean. All laboratories used methodologies based on colorimetric
principles.

8. 2003 MRI inter-comparison

Six batches of the RMNS used for the inter-laboratory comparison study were produced
in 2001 and 2002 and were sent to participants (18 laboratories from five countries) in
2002. One sample from each batch, that is, six samples in total, was distributed to
individual laboratories. For shipping to each laboratory, we used normal commercial
transportation. No serious damage to samples during the transportation was reported,
although one laboratory reported shortage of the samples.

One group cancelled its participation in the exercise, so the final number of laboratories
was 17. All results from the 17 laboratories were received by April 2003. One group did
not report nitrite. Four laboratories did not report nitrate; instead they reported
nitrate+nitrite. In such cases, concentrations of nitrate were calculated by subtracting
concentrations of nitrite from those of nitrate+nitrite. Four laboratories did not report
silicate.

Results of the inter-laboratory comparison study presented contemporary
inter-laboratory comparability of nutrient data; standard deviations of phosphate and
silicate, which represent the overall discrepancy of reported values, were 4.5 times and
more than 10 times, respectively, the corresponding homogeneities of the RMNS
prepared for the study. For nitrate, the standard deviation was only ~2 times as great as
the homogeneity. These results demonstrate that for nitrate, our community is using
analytical techniques good enough to provide data of high comparability. These results
also indicate that variability of the in-house standards of the participating
laboratories—rather than analytical precision—is the primary source of the
inter-laboratory discrepancy. Therefore, the use of a certified reference material for
nutrients in seawater is essential for establishing nutrient data sets that can be compared
across laboratories, especially for silicate and phosphate in seawater.

8. 2006 MRI inter-comparison

Autoclaved natural seawater was used for an inter-laboratory comparison study for a
reference material for nutrients in seawater in 2006; this study was similar to the 2003
inter-laboratory comparison study. Sample homogeneity was confirmed by the
repeatability of the measurements: for nitrate, phosphate and silicate, the homogeneities
were 0.22%, 0.32% and 0.19%, respectively. Sets of six samples covered concentration
ranges of 0.1-42.4 umol kg™ for nitrate, 0.0-0.6 pmol kg™ for nitrite, 0.0-3.0 umol kg™
for phosphate, and 1.7-156.1 umol kg™ for silicate. A set of samples was distributed to
each of 55 laboratories in 20 countries. Results were returned by 52 laboratories in 19
countries.
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