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ABSTRACT 

The nutrient data obtained on D213 is reviewed to assess the precision of the data and its likely 
accuracy. The analyses were carried out using standard (AAII) auto-analyser methods. Throughout 
this report reference is made to the Mefeor 28/1 cruise in 1994 (WOCE line A8) where similar 
procedures were used to measure the nutrients and to assess precision and accuracy. 

The method precision was assessed through duplicate sample measurements and through the 
analysis of quality control (QC) samples. Over the duration of D213 the mean sample duplicate 
digerences were as foUows: silicate 0.256 umol/1; nitrate 0.222 umol/l; and phosphate 0.045 umol/1. 
This is equivalent to 0.17, 0.6 and 1.5% full scale for silicate, nitrate and phosphate respectively. 
This compares to an average duplicate diSerence of 0.3% on M28/1 for both silicate and nitrate, 
phosphate was not measured on M28/1. The OC material used on D213 included a bulk seawater 
sample collected at the start of the cruise and an external reference seawater sample (prepared by 
OSl) preserved in mercuric chloride. The mean (and CV%) for the buDc seawater sample (OCl) was: 
silicate 68.43 umol/l (1.36%); nitrate 26.43 umol/1 (2.85%); and phosphate 1.85 umol/1 (7.56%). 
The reproducibility of the OSI standard (0C2) was similar. 

The accuracy of the calibrations was measured with respect to certiBed reference standards (Sagami 
Chemical Co, Japan). Measurements on D213 were 3% low for silicate (compared with 0.6% on 
M28/1) and 2.5% low for nitrate compared with 2% on M28/1. Against the Sagami reference 
material phosphate measurements were 5.3% low. Offsets between the D213 results and those 
measured on replicate stations on D201 (1993) suggest that the silicate measurements are up to 2% 
lower than previously and nitrate up to 5% lower. These results are similar to the onsets seen 
between M28/1 data and histoncal data sets at 11°S. 

The results suggest that there is stiU a problem in accurately calibrating the nutrient measurements. 
If better agreement between results is to be attained a stable reference material must be used to set 
up and control the calibration of the nutrient analysis systems on aH cruises, as is the case with 
salinity. 
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1.0 INTRODUCTION 

The WOCE requirements for accuracy and precision are silicate 1-3% accuracy (0.2% 

full scale precision); nitrate 1% accuracy (0.2% full scale precision): and phosphate 1-2% 

acciiracy (0.4% fuD scale precision) (}OYCE, 1991). The aim of this report is to document the 

procedures used to assess the accuracy and precision, and to de&ne the levels that can be 

achieved on a WOCE cruise. 

The results obtained are compared to the M28/1 cruise where similar procedures for 

both the measurement of nutrients and assessment of precision and accuracy were used 

(HYDES, 1994). Procedures included the rigorous use of quality control (QC) materials and 

recording of all data relevant to the calibration. The precision of the results on D213 was 

assessed through the use of quality control materials and duplicate differences between the 

samples. The QC materials included individual samples of seawater stored at 4°C, taken &om 

a bulk deep water sample at the start of the cruise, and samples of an externally prepared 

(OSI) OC material preserved in mercuric chloride. Comparisons with historical data and the 

use of certiGed reference standards were used to assess the accuracy of the measurements 

made. The i;ise of more than one type of OC material allowed an estimate to be made on the 

run to run variation in the accuracy of the measurements. 

2.0 SAMPLING 

Nutrient samples were collected, after the CFC and oxygen samples had been taken, 

into new 30 ml plastic 'diluvial' containers that had been rinsed 3 times with the sample. The 

samples were stored in a refrigerator at 4°C for up to 12 hours then poured into 8 ml analyser 

cups, that had been rinsed thoroughly with sample, for analysis. 

It should be noted that the samples froze on one occasion, station 12683, resulting in a 

slight increase in the mean duplicate difference for this station compared with the previous and 

following two stations. After this station the re&igerator temperature was adjusted 



3.0 EQUIPMENT AlfD TECHNIQUES 

The nutrient analyses were performed on a Chemlab AAII type Auto-Analyser, 

coupled to a Digital-Analysis Microstream data capture and reduction system. 

3.1 Methods 

Silicate analysis followed the standard AAII molybdate-ascorbic acid method with the 

addition of a 37°C heating bath (HYDES, 1984). In order to de-sensitise the system, so that a 

linear response was obtained from the colorimeter over the concentration range up 0 to 150 

umol/I of silicate, the colorimeter was fitted with a 15 mm flow cell and a 660 nm filter. 

The standard AAII method using sulphanilamide and naphthylethylenediamine -

dihydrochloride was used for nitrate analysis (GRASSHOFF, 1976) with a Cadmium-Copper 

alloy reduction column (HYDES AND HILL, 1985). In order to de-sensitise the system so that a 

linear response could be obtained from the colorimeter over the concentration range up 0 to 

50 umol/1 of nitrate, the colorimeter was Gtted with a 15 mm flow cell, and a sample volume of 

0.1 ml/min was used. A nitrite top standard (40 umol/1) was prepared with each set of working 

standards and analysed on each run to give an indication of the nitrate cadmium column 

reducing efficiency. The column was replaced at station 12763. 

For phosphate analysis the standard AAII method was used (HYDES, 1984) which 

follows the method of MURPHY AND RILEY (1962). 

All measurements were made in the constant temperature laboratory. Previous 

cruises suggested that a stable temperature improved precision. The laboratory temperature 

remained between 23 - 24°C apart from between the first and second station when the 

temperature increased to 29°C over night. 

3.2 Nutrient s tandards 

Primary calibration standards were prepared from nutrient salt material dried at 

110°C over night then cooled over silica gel in a desiccator before weighing (the precision of 

weighing was better than 1 part per thousand). 10 mmol/1 stock solutions for silicate were 

prepared from a known weight of sodium silica fluoride close to 0.960g, dissolution was aided 

by initially placing the solution in an ultrasonic bath. The primary phosphate standards were 

prepared from a known weight of potassium dihydrogen phosphate close to 0.68 Ig. Working 

phosphate standards were prepared from a secondary standard made by diluting 5.00 ml of 

primary standard to 100 ml in a glass volumetric flask, using a Finnpipette digital 1-5 ml 

adjustable pipette. The nitrate stock was prepared from a known weight of potassium nitrate 

close to 0.5 lOg, and nitrite from 0.345g of sodium nitrite. 



All primary stock standards were prepared in deionised water and made up in SOO ml 

plastic volumetric flasks. The flasks were calibrated before the cruise and a correction factor 

was applied to the calculated primary standard concentration to account for this. During the 

Grst half of the cruise the factors shown in Table 1 had to be applied to the Gnal sample data to 

allow for the calibration of the volumetric flasks and the actual weight of the primary standard 

material which had been overlooked in the initial calculation. 

Table 1. Correction factors applied to the D213 data f r o m calibration of the 500 m l 

flasks and actual weight of the standard material . 

Station Parameter Factor multiplied by 

12673-12738 nitrate 0.988 

12723-12748 silicate 1.0023 

12739-12748 nitrate 1.0087 

A set of four mixed working standards were p repared daily in 100 ml plastic 

volumetric flasks with 40g/l Analar grade sodium chloride artificial seawater, 

4.0 QUALITY CONTROL 

4.1 Instrument stability 

For each analytical run the apparent sensitivity of the analyser was recorded as the 

calculated first order calibration coefficient. The results of this a r e plotted in Figure 1. This 

figure shows a shift in the nitrate sensitivity after station 12711 when the analyser pump tubes 

had been replaced for the first time. A similar shift in the sensitivity was seen on M28/1 and 

had also been attributed to the retubing of the analyser. The shift in sensitivity may be due to 

variability in the actual internal diameters of the pump tubes. The nitrate sensitivity returned to 

previous values after 12727, therefore the nitrate calibration data can be divided into three 

groups. 

The silicate calibration data can also be divided into a number of groups: that leading 

up to the change in pump tubes at station 12711; data after this change; and data after the 

correction factors in Table 1 had been applied at station 12749. The calibration coeBcient was 

high again for just 4 stations from 12772 (although it is not clear why this happened). 

The phosphate calibration data can be divided into two groups by the first change in 

pump tubes, which also correlated with a change in the phosphate gain settings. Changing the 

phosphate pump tubes at the end station 12749 did not result in a change in the calibration 
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coeScient. The variability in the apparent sensitivity is presented in Table 2 with the 

calibration data divided according to the groups described (note that calibration coeScients 

calculated for runs that were repeated or recalculated have not been included). 

Table 2. Analytical sensitivities grouped by the changes in p u m p tubes. 

Parameter Stations mean sensitivity 

umol/bit 

CV% 

Silicate 673-711 0.0470 2.44 

712-748 0.0493 2.08 

749-771 0.0484 3.55 

772-775 0.0639 1.47 

Nitrate 673-711 0.0144 17.05 

712-727 0.0287 2.92 

728-776 0.0152 5.28 

Phosphate 673-711 0.0015 33.16 

712-776 0.0014 17.3 

The equivalent results for silicate and nitrate measurements on M28/1 show a higher 

CV% for nitrate, compared with silicate, but the values are never worse than 2.4% for that 

dataaet. 

The gain was changed for each parameter when the tubes were changed on the first 

occasion. Otherwise the gain setting remained constant for the silicate and nitrate lines. The 

phosphate gain setting had to be changed on 8 occasions during the cruise to maintain 

maximum sensitivity. These changes are summarised below in Table 3. 



Table 3: Changes in the gain settings used on D213 

Parameter Stations Gain Setting 

Silicate 12673 -711 5 

12712-776 4 

Nitrate 12673-711 7 

12712 -776 4 

Phosphate 12673 - 675 3 

12676 - 687 I 

12688-700 3 

12701 -707 6 

12708-711 1.4 

12712-759 4 

12760 - 760 6.5 

12761 -771 5 

12772-776 6 

4.2 Precision - Duplicate Measurements 

All samples were analysed in duplicate. Overall the mean absolute diSerences 

between the duplicate measurements and standard deviations (SD) were: silicate 0.256 umol/1 

(0.268), n=980; nitrate 0.222 umol/1 (0.238), n=967; and phosphate 0.045 umol/1 (0.048), n=975. 

Note that duplicate differences not included in these statistics w e r e 14 values outside of 2 

umol/1 for silicate, 23 outside of 1.5 umol/1 for nitrate and 3 outside of 0.5 umol/1 for phosphate 

as these were all reported as questionable data at the time. There were nearly twice as many 

duplicate samples as analysed on M28/1 where the duplicate difference for silicate was the 

same as on D213 but the nitrate duplicate diSerence and standard deviation was half that seen 

onD213. 

The data presented below in Table 4 has been divided into groups of 10 stations to 

show the changes in the precision of silicate (Si), nitrate (NO3) and phosphate (PO4) 

measurements over the cruise. 
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Table 4. Summary of d i f ferences be tween dupl ica te ana lyses . Mean taken for 

groups o f t e n runs to look for systematic changes over the length of the cruise. 

Station Si %full NO3 %full PO4 %full 

mean difff scale mean diff scale mean scale 

(umol/1) (150 

umol/1) 

(umol/1) (40 umol/1) diff (umol/1) (2.5 umol/1) 

673-682 0.27 0.18 0.17 0.43 0.09 3.6 

683-692 0.25 0.17 0.21 0.53 0.03 1.2 

693-702 0.29 0.19 0.33 0.83 0.05 2 

703-712 0.23 0.15 0.22 0.55 0.04 1.6 

713-722 0.24 0.16 0.18 0.45 0.05 2 

723-732 0.27 0.18 0.31 0.78 0.03 1.2 

733-742 0.22 0.15 0.22 0.55 0.07 2.8 

743-752 0.26 0.17 0.17 0.43 0.05 2 

7S3-762 0.27 0.18 0.38 0.95 0.06 2.4 

763-776 0.44 0.29 0.18 0,45 0.02 0.8 

On M28/1 the standard deviations of the differences were found to be similar to the 

means of the standard errors of the least squares calculation of the calibration equations. On 

D213 the mean standard errors were 1.28 umol/1 for silicate, 0.58 umol/1 for nitrate and 0.15 

umol/1 for phosphate. In each case this was higher than the mean duplicate differences seen in 

the dataset (0.268, 0,238 and 0.048 for silicate, nitrate and phosphate respectively). Figure 2 

shows the variation in the standard error estimate for the least squares fit of the calibration 

data. 

The correlation coefficient calculated for each run may also provide information on the 

quality of the data. Figure 3 shows the variation in the quality of the calibration curves across 

the cruise. The phosphate data is especially variable. 

4.3 Precision - consistency of internal QC measurements 

A sample of deep water was collected on the 6rst station and stored in a polyethylene 

carboy. This water was then transferred into rinsed 'diluvials' and stored in the refhgerator. It 

was analysed throughout the cruise as a 'quality control' sample, referred to here as QCl. 

Similar water had been used on D199 (SAUNDERS et al., 1993) and on M28/1 and had proved 

useful in detecting shifts in the data quality. The OCl data is presented in Figure 4, note that 

the phosphate data has been multiplied by 20 to keep the scales comparable. There is no 

discernible trend in the silicate or nitrate QCl data although there is a downward trend in the 
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phosphate values. This trend is also seen in Table 5 below in which the data has been 

summarised on the basis of groups of ten stations. The reproducibility of the samples 

generally deteriorated with time for each parameter. 

Table 5: Summary of de te rmina t ions on QCl s a m p l e s . Means and s t anda rd 

deviations calculated for groups o f t en stations. 

Station Si mean 

umol/1 

SiCV% NO3 mean 

umol/1 

N03CV% PO4 mean 

umol/1 

P04CV% 

673-682 68.31 0.86 26.65 1.30 2.13 10.54 

683-692 68.88 0.94 26.48 1.67 1.95 5.21 

693-702 68.84 0.84 26.64 2.02 1.83 7.46 

703-712 68.14 2.05 26.70 2.74 1.88 4.94 

713-722 68.34 3.13 27.34 6.57 1.87 3.84 

723-732 67.67 2.81 27.86 13.48 1.84 4.43 

733-742 67.62 6.45 25.66 6.25 1.50 13.46 

743-752 68.14 2.03 26.49 6.20 1.76 11.42 

753-762 67.54 4.44 27.09 9.48 1.81 19.04 

763-776 67.87 1.63 26.30 3.88 1.67 6.33 

In Figure 4 groups of high nitrate data are seen between stations 12720 and 12722, 

and 12752 to 12755. The low set of phosphate QCl values between stations 12734 and 12738 

correspond to a set of stations where the data had to be calculated by hand and the OC 1 

values changed from those calculated by the Microstream software. Obvious shiAs in the data 

have been removed and the summary of the precision obtained after these changes is shown 

in Table 6. 
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Table 6: Summaxy of determinat ions on QCl samples , with grouped data removed. 

Station Si mean 

umol/1 

SiCV% N03 mean 

umol/1 

N03CV% PO4 mean 

umol/1 

PO4 CV% 

673-682 68.31 0.86 26.65 1.30 2.00 4.18 

683-692 68.88 0.94 26.48 1.67 1.95 5.21 

693-702 68.84 0.84 26.64 2.02 1.83 7.46 

703-712 68.43 1.24 26.70 2.74 1.88 4.94 

713-722 68.82 0.87 26.75 0.75 1.87 3.84 

723-732 68.19 1.74 26.73 2.20 1.84 4.43 

733-742 68.37 1.35 26.09 3.89 1.66 5.99 

743-752 68.14 2.03 26.02 3.55 1.81 8.00 

753-762 68.33 1.64 25.94 1.24 1.83 7.83 

763-776 68.16 1.01 26.30 3.88 1.67 6.33 

The reproducibility of the OCl sample was calculated after the grouped data had 

been removed. The overall mean (and CV%) for each parameter was as follows: silicate 68,43 

umol/1 (1.36%); nitrate 26.43 umol/1 (2.85%); phosphate 1.85 umol/1 (7.56%). 

4.4 Precision - Consistency of measuremen t s of an external QC standard 

On M28/1 a number of samples of spiked seawater were supplied by OSI and tested 

for use as a reference material. The mixed standards were found to covary with the QCl 

material used on the M28/1 cruise confirming that the variation in the calibration between runs 

was greater than the within run precision of the measurements. 

On D213 mercuric chloride preserved seawater was tested again and is referred to 

here as 0C2. This seawater was supplied by OSI in SO ml sealed vials which were opened on 

the stations shown in Figure 7 and used until the vials were empty. The precision of the 

analysis has also been summarised in Table 7 for each bottle of 002. 
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Table 1. The mean value and CV% for each bottle of QC2 mater ia l . The s ample s 

were run over a number of stations, the station number h e r e is the station on which 

it was recorded that a new bottle was opened. 

Station 0C2 Si mean CV% NO3 CV% PO4 CV% 

0C2 bottle (umol/1) mean mean 

opened (umol/1) Cumol/1) 

12675 046 7476 102 246 1.21 1.87 114 

12682 085 7548 101 24^7 2.44 1.77 5.5 

12691 150 7534 0.99 24^4 198 1.69 652 

12697 151 7403 0.43 2403 1.11 1.52 899 

12701 153 74 64 1.57 23^4 480 1.61 872 

12704 130 74^5 1.90 24.92 3IQ 1.68 443 

12716 106 75 31 0.84 24.49 028 1.6 4 28 

12720 023 74^3 2 81 2&73 13 69 1.65 4.65 

12730 089 74^ 4.77 2&78 17^5 1.46 10.55 

12736 029 74.34 1.97 24.56 5J^ 1.48 10 55 

12744 019 74.45 1.83 24.43 2 03 1.56 5 11 

12750 020 74 63 170 2&12 &50 L74 rL74 

12757 047 70 97 &18 24^4 &68 1.58 6 79 

12772 021 7134 3.08 23.62 7^2 

The variability within a set of measurements from one bottle is similar to the variability 

seen when considering the 0C2 data as a whole, as shown in Table 8 where the results have 

been grouped into sets often stations. 
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Table 8: S u m m a r y of de te rmina t ions on QC2 s amples . M e a n s and s t anda rd 

deviations calculated for groups o f t e n stations. 

Station Si mean 

umol/1 

SiCV% NO3 mean 

umol/1 

N03CV% PO4 mean 

umol/1 

P04CV% 

673-682 74.84 1.03 24.59 1.14 1.86 10.69 

683-692 75.45 0.97 24.34 2.47 1.73 5.11 

693-702 74.46 1.17 23.76 5.31 1.57 8.72 

703-712 75.1 2.21 25.08 3.45 1.69 5.2 

713-722 7S.21 1.12 25.69 6.56 1.62 4.49 

723-732 74.88 2.67 27.0 16.6 1.62 4.9 

733-742 74.29 4.12 24.26 6.3S 1.42 11.32 

743-752 74.29 1.85 24.45 5.87 1.56 11.34 

753-762 70.82 9.38 25.78 8.50 1.70 13.91 

763-776 72.8 3.18 23.9 4.0 1.56 5.75 

As with the OCl data shifts and groups within the data set can be accounted for and 

removed as shown in Figure 9. 

Table 9: Summary of determinations on QC2 samples with grouped data removed 

Station Si mean 

umol/1 

SiCV% NO3 mean 

umol/1 

N03CV% PO4 mean 

umol/1 

P04CV% 

673-682 74.84 1.03 24.59 1.14 1.77 6.45 

683-692 75.45 0.97 24.34 2.47 1.73 5.11 

693-702 74.46 1.17 24.07 1.41 1.57 8.72 

703-712 75.45 1.43 24.85 1.11 1.69 5.2 

713-722 75.21 1.12 24.51 0.41 1.62 4.49 

723-732 75.39 1.07 24.82 2.95 1.62 4.9 

733-742 75.02 1.41 24.35 1.86 1.55 3.95 

743-752 74.39 1.81 24.43 3.23 1.59 8.03 

753-762 73.36 2.05 24.24 3.94 1.63 8.05 

763-776 73.71 1.91 23.9 4.00 1.56 5.75 

Overall the reproducibility of the 0C2 results is similar to OCl. The mean (and CV%) 

overall is: silicate 74.76 umol/1 (1.68%); nitrate 24.35 umol/1 (2.83%); phosphate 1.65 umol/1 

(7.43%). The 0C2 resi;ilts are also illustrated in Figure 5, the phosphate data has been 

multiplied by 20 to put it onto a comparable scale. 
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The covariation between QCl and 0C2 (comparing the CV% in Tables S and 8) is 

similar to that seen on M28/1, suggested that comparing OC measurements made on the same 

run gives an indication of the variation in calibration between runs. When the two data sets are 

plotted against one another, in Figures 6 and 7, the value for phosphate is high, 0.729, 

although the values for silicate and nitrate are lower at 0.118 and 0.481 respectively. The 

variation around the simple flmction that has been Gtted to the data, illustrated by the error 

bars, is comparable to the variation between data sets (discussed later in section 4.6). The OC 

results are compared in Figures 8, 9 And 10, the expanded scale shows the covariation 

between the QC samples more clearly. 

Systematic noise associated with variability in the calibration standards would show up 

as a correlation between the observed QC value and the calculated calibration factor for each 

run. This is shown in Figure 11 for the OC 1 results for each nutrient parameter. There is no 

apparent correlation. The nitrate data is divided into two populations by the jump in sensitivity 

when the analyser was 6rst re-tubed. The four stations with high calibration factors occurred 

just before the analyser was reti;ibed for the last time. This does not correlate to any factors 

noted at the time of analysis although there was a fresh batch of working standards prepared 

on the Grst and last station within this group which may account for the changes. 

4.5 Accuracy - Comparison with Sagami Chemical Co. Standard Solutions 

CertiGed standard reference materials obtained from the Sagami Chemical Company 

in Japan were run on a number of occasions, from three single batches of standards. Once 

each of the standards had been opened they were analysed until the contents were used up. 

The results are summarised below in Table 10. 

Table 10. Sumjnary of the results for all determinations m a d e on Sagami s tandards 

during D213. 

Si 10 Si 50 Si 50 NO3 20 NO3 20 NO3 20 PO4 1 PO4 1 PO4 1 

umol/1 umol/1 umol/1 umol/1 umol/1 umol/1 umol/1 umol/1 umol/1 

mean 9.697 48.55 47.19 19.52 19.36 21.98 1.09 0.95 0.81 

SD 0.17 0.53 1.01 0.34 0.42 0.27 0.09 0.13 0.04 

CV% 0.78 2.42 4.61 1.53 1.91 1.23 0.42 0.61 0.19 

%diff 3.03 2.91 5.62 2.41 3.18 9.89 8.5 5.25 18.6 

n 7 7 7 8 10 4 4 8 5 
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The silicate results are all low suggesting a systematic error in the calibration of the 

results, The nitrate and phosphate results varied either side of the expected value and no 

systematic error is suggested in the calibration of the lutrate or phosphate data. 

The Sagami results reported on D201, measured using the Alpkem Auto-Analyser, 

were silicate 9.S6 umol/I, nitrate 9.64 umol/1 and phosphate 1.003 umol/1 compared to expected 

values of 10, 10 and 1 umol/1 respectively. The silicate and nitrate results were also low for the 

M28/1 data where the values reported were 49.7 umol/1 for a 50 umol/1 silicate standard and 

9.8 for a 10 umol/1 nitrate standard. The precision of the results, illustrated by the CV%, is 

similar to that seen on M28/1. 

4.6 i lccuracy - Comparison with Historical data . 

The 45°S line on the D213 section is a repeat of the same line surveyed on D201 

(POLLARD, at al., 1994). Out of six D201 station locations reoccupied on D213 the phosphate 

data was found to be higher on D213 by 0.2 umol/1 and the nitrate lower by 0.8 umol/1 on one 

occasion only, generally the data compared very well. The stations compared are listed in 

Table 11 below. 

Table 11. D201 station locations reoccupied on D213. 

D201 D213 

12393 12684 

12396 12686 

12402 12693 

12405 12694 

12409 12697 

12410 12698 

The full depth profiles have been plotted in sets of three replicate stations. The six 

stations in Figures 12 and 13 appear to be closely aligned for nitrate and silicate throughout the 

profile. The phosphate data shows less agreement, especially in Figure 12 which shows that 

the D213 data is consistently higher than the D201 data. The deep data (over 3000 m) is shown 

in Figure 14. The deepest of the replicate stations, 12686 and 12396, are considered in Figure 

13. The D201 silicate data is lower than the D201 data, within 2% error bars. The nitrate data is 

low on D213, within 5% error bars and the phosphate data is high (within 10%). 

4.7 Implications for the sample data 
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As each sample run was completed and the data calculated a number of factors were 

collated onto a hand written table. These included the correlation coefficient, calibration 

coeScient, gain setting, and quality control sample results. This was used to check the 

calculations and quality of the data with preceding stations. 

The first piece of information recorded was the correlation coefficient. If this was less 

than 0.999, because of one incorrectly prepared working standard for example, then the data 

was recalculated. 

The shifts in calibration coefficient noted m section 4.1 would be noted at the time and 

the data examined to see if there was a corresponding change in the measured values. For 

example between stations 12711 and 12712 when the pump tubes were changed there was a 

103% increase in the nitrate calibration coeScient but no corresponding change in the data. 

The calibration coefficient changed by 13% between 12768 and 12769, the sample 

nitrate data also increased by up to 0.7 umol/1. The only factor that had been noted on the 

logsheets was a change in the working standards. These were prepared daily and did not 

result in daily changes in the data, for example between 12766 and 12767 there are fresh 

working standards, and a decrease in the calibration coefficient of 11%, but no apparent 

change in the sample data. 

Changes noted in the calibration coefficient were used to further investigate the 

following station data:-

1) Phosphate:- on stations 12710-12711 there was a shift of about 0.4 umol/1 when the 

pump tubes were changed. 

2) Silicate.- over four stations 12771/72 - 12775/76 there was a 46% change in the 

calibration coeScient (but no corresponding change in the sample data) 

3) Nitrate: It is not clear why the nitrate calibration coefficient shifts back down to the 

original value between stations 12727/28 . It is likely that the pump tubes were 

changed but no note was made of this at the time). There is a 39% change in the 

calibration coeScient and the data changes by about 1 umol/l in the bottom 

water. 

Changes in the gain settings may also have resulted in shifts in the data. For example 

the gain settings changed for phosphate between 12700 and 12701 and the bottom water data 

also shifted to higher values. However between 1267S and 12676 there was a change in 

phosphate gain with no apparent change in the calibration gradient or sample data. 
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In investigating changes in the sample data changes in the QC values proved useful. 

The change in the ratio of QCl from one station to the next can b e used as a factor to 

recalculate data from some of the stations where the whole profile has shifted low or high. The 

changes that should be made to the D213 data set are summarised in Table 12 below. 

Table 12. Changes to be made to the sample data set after calculat ing the change in 

QCl between stations. 

Parameter Station Shift noted in 

the data (umol/l) 

Factor, based on QC 1 

changes 

Phosphate 12706 0.1 low 1.0958 

12716 0.15 low 1.0554 

12735 0.3 high 0.953 

Nitrate 12716 0.7 high 0.9211 

12726 1 low 1.0112 

There were two groups of high OCl and 0C2 nitrate resi.tlts, stations 12720 - 722 and 

12752 - 7SS, noted in sections 4.3 and 4.4. The sample data also shifts high for these stations. 

The high OCl values seen for stations 12728 and 12730 was noticed at the time and the sample 

data as the data was was recalculated . 

4.8 A note on the consistency of the N:P ratio 

The nitrate to phosphate ratio for the QC material should be consistent. The 

relationship between these parameters (Figure 16) shows that this is generally the case. The 

variation is mostly around the stations where the phosphate OC data was low (where the 

results had been calculated by hand). There is no real correlation with the NOg standard 

(Figure 17), which was used as a further quality control sample on the nitrate line. 

The variation in the N:P parameter across the cruise, plotted in Figure 18, suggests that 

the high N:P ratio occurs on only four occasions in the cruise (each time over two stations). 

The surface nitrate is high on these stations but there is no correlation with the QC N:P data. 

The overall N:P ratio across the cruise, Figure 19, shows extreme low and high ratios which 

may relate to individual stations where shifts in the data occurred. For example all of the data 

for station 12763 was low with ratios in the order of 10 when the average ratio was closer to 

14.8. Most of the data lies withinN:P ratios of 13 to 17. 
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5.0 CONCLUSIONS 

Despite digerent instnimentg the D201 and D213 data sets compare well. The silicate 

data compares better than the South Atlantic data set comparisons with a similar comparison 

for the nitrate data. However the variability of the D213 data set is greater than that seen on 

M28/1. This may be due to the air circulation in the constant temperature laboratory of the RRS 

Discovery as no such problems were encountered on the Meteor. The variation may also be 

due to problem with the preparation of the working standards. 

It has been shown that the variability of the quality control samples is similar with 

storage at 4°C or in mercuric chloride. Real changes in the data show above the noise of these 

measurements. It is important that all of the information such as the correlation and calibration 

coefScients and the values of the OC material be noted and acted upon as soon as possible 

after a run has been completed. This information can then be used a s a basis for looking at the 

variations in the sample data. 
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Figure 1:- Apparent sensitivity of the analyser -
calibration coefficient of silicate, nitrate and 
phosphate measurements over D213 
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Figure 2:- The variation in the standard error estimate of the least 
squares fit of the calibration data 
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Figure 6:- QC1 and QC2 correlation for silicate and nitrate 
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Figure 7:- QC1 and QC2 correlation (phosphate) 
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Figure 8:- QC1 and QC2 silicate 
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Figure 11 (a):- Correlation of silicate QC1 and the 
calibration coefficient over D213 
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Figure 11 (b):- Correlation of nitrate QC1 and the 
calibration coefficient 
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Figure 11 (c):- Correlation of phosphate QC1 and the 
calibration coefficient 
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Figure 12 (a):- Full depth silicate profiles 
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Figure 12 (c):- Full depth phosphate profiles 
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Figure 13 (a):- Full depth silicate profiles 

80 -

4 0 4 

X # ^ f t 

" 2 

X Q # 

I x f 

9 .3 

1000 2 0 0 0 3 0 0 0 4 0 0 0 

B 1#^ # 

+ 12698 

X 12405 

" 1^^ 
O 

Depth (m) 

Figure 13 (b);- Full depth nitrate profiles 
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Figure 13 (c):- Full depth profiles phosphate data 
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Figure 14 (a) Deep station silicate compar i sons (>3000m) 
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Figure 14 (b):- Deep station nitrate data compar i sons (>3000m) 
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Figure 14 (c):- Deep station phosphate data compar isons (>3000m) 
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Figure 15 (a) Deepest station silicate data compar isons 
with error bars 

3000 

" D201 12396 
# D213 12686 

4 0 0 0 5000 6000 

Depth (m) 

Figure 15 (b) Deepest station nitrate data compar isons 
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Figure 16 (a):- N:P ratio for QC1 data 
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Figure 17:- Variation in the N02 standard over D213 
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Figure 18:- Variation in the sample N:P ratio over D213 
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Figure 19:- Overall N:P ratio for D213 sample data 
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Appendix 1 

D213 CALIBRATION INFORMATION 

The standard error (se), sensitivity (a) and correlation coeff ic ient (r2) is 
shown here for each run that it was recorded for throughout P213 

1 

Standard error > Sensi t i i / tv fuM/bit):- Correlation coef f ic ient: -
s t a t i o n Si-se N 0 3 - s e P 0 4 - s e Si-a N03-a P04-a Si-r2 N 0 3 - r 2 P04-r2 

6 7 . 3 4 7 : 2 0^i6< 0 . 5 5 4 0 . 0 4 6 0 . 0 1 3 ; 1 0 . 9 9 6 ' 1 0 . 9 9 9 : 
6 7 ' * 4 . 5 ' 1 0.55C 0 . 4 3 5 0 . 0 4 5 0 . 0 1 : ! 0 .996" ̂ 0 . 9 9 9 : 
675 5 3 ; i F 0 . 6 2 / 0 . 3 8 5 0 . 0 4 5 ; o x n : i ^ . 0 0 1 3 0.9966 0 . 9 9 9 : 0 . 9 3 4 6 
67( 0 . 4 2 ( 0 2 2 c 0 . 2 9 2 0 . 0 4 7 / 0 . 0 1 2 c 0 . 0 0 1 3 : I ^ O O C 0 . 9 9 9 c 0 . 9 5 6 4 
67" 1 4 ; 0 . 2 3 c 0 . 1 1 3 0.046E 0 .0134 0 . 0 0 2 4 : 0 .9997 0.999E 0 . 9 9 3 5 
67£ 1.27 O ^ ^ Z 0 114 0.047 0 .0132 0 . 0 0 1 9 0 .9997 0.999S 0 . 9 9 3 4 
68Z 0 .471 0 .192 0 . 1 4 5 0.046E 0 .0148 0 . 0 0 1 9 i 1 O O O C 0 .9999 0 9 8 9 5 
6 8 : ' ' ^ . 6 6 1 0 .352 0 . 2 2 2 0 .0472 0 . 0 1 4 8 0 . 0 0 1 6 0 .999S 0 . 9 9 9 7 0 . 9 7 5 1 

681 0 .786 0 . 3 3 3 0 . 1 7 0 0 . 0 4 6 5 0 . 0 1 4 6 0 . 0 0 1 7 0 .999S 0 . 9 9 9 7 0 . 9 8 5 5 
685 0 .566 0 . 3 8 7 0 . 2 3 1 0 . 0 4 7 9 0 . 0 1 4 6 0 . 0 0 1 2 1 1 .0000 0 . 9 9 9 3 0 . 9 7 3 0 
686 0 . 0 9 3 0 . 0 5 2 1 0 . 0 1 4 8 0 . 0 0 6 i 0 ^ w 9 0 0 . 9 9 8 0 0 . 9 9 5 7 

6 8 6 1.02 0 . 5 6 7 0 . 1 3 3 0 . 0 4 9 3 0 . 0 1 4 4 0 . 0 0 2 1 & 9 9 9 8 0 . 9 9 9 3 0 . 9 9 2 4 
6 8 7 1 .01 0 . 6 2 2 0 . 0 8 6 0 . 0 4 9 4 0 . 0 1 4 4 0 . 0 0 1 4 0 . 9 9 9 8 0 . 9 9 9 1 0 . 9 9 6 3 
6 8 8 0 . 7 9 5 0 . 4 2 5 0 104 0 . 0 4 9 0 . 0 1 4 2 0 . 0 0 1 1 0 . 9 9 9 9 0 . 9 9 9 6 0 . 9 9 4 6 

6 8 9 0 . 8 7 9 0 . 6 4 0 O U O O 0 . 0 4 8 8 0 . 0 1 5 2 0 . 0 0 1 3 0 . 9 9 9 9 0 .9991 0 . 9 9 5 0 
6 9 0 0 9 0 2 0 . 3 6 4 0 101 0 . 0 4 7 9 0 . 0 1 5 0 . 0 0 1 3 0 . 9 9 9 9 0 . 9 9 9 7 0 . 9 9 4 9 

691 0 8 3 5 0 . 4 2 2 0 . 0 7 8 0 . 0 4 7 0 . 0 1 5 5 0 . 0 0 1 9 0 . 9 9 9 9 0 . 9 9 9 6 0 9 9 7 0 
6 9 2 0 . 5 6 9 0 301 0 . 1 2 6 0 . 0 4 7 7 0 . 0 1 3 9 0 . 0 0 0 9 r o o o o 0 . 9 9 9 8 0 . 9 9 2 1 
6 9 3 0 .841 0 . 5 9 6 0 U 3 3 0 . 0 4 6 4 0 . 0 1 3 6 0 . 0 0 1 1 0 9 9 9 9 0 . 9 9 9 2 0 9 9 1 2 
6 9 4 0^194 0 . 3 3 0 0 . 1 4 7 0 . 0 4 6 4 0 . 0 1 3 7 0 . 0 0 1 1 1 .0000 0 . 9 9 9 8 0 9891 
6 9 5 0 7 0 3 0 2 8 7 0 . 1 0 7 0 . 0 4 5 2 0 . 0 1 3 8 0 . 0 0 1 5 0 . 9 9 9 9 0 . 9 9 9 8 0 . 9 9 4 2 

6 9 6 0 6 5 7 0 . 5 8 7 0 .071 0 . 0 4 5 4 0.01 39 0 . 0 0 2 6 0 . 9 9 9 9 O.9992I 0 9 9 7 5 
6 9 7 0 2 2 0 . 1 4 3 0 . 0 5 6 0 . 0 4 6 0 . 0 1 4 1 0 . 0 0 2 2 1 0 0 0 0 1 .0000 0 . 9 9 8 4 
6 9 8 2 . 4 6 0 ^ a 2 0 . 1 0 2 0 . 0 4 7 3 0 . 0 1 4 2 0 . 0 0 1 5 0 . 9 9 9 0 0 . 9 9 9 2 0 9 9 4 8 
6 9 9 0 3 0 2 0 . 5 5 3 0UO9 0 . 0 4 6 2 0 . 0 1 4 2 0 . 0 0 1 7 1 0 0 0 0 0 . 9 9 9 3 0 . 9 9 4 1 

7 0 0 1 .04 0 .361 0 . 1 4 0 0 . 0 4 6 0 . 0 1 3 6 0 . 0 0 2 8 0 . 9 9 9 8 0 . 9 9 9 7 0 . 9 9 0 1 

7 0 1 1 ^ # 2^^60 0 . 0 4 6 0 . 0 4 6 1 0 .01 0 . 0 0 1 1 0 . 9 9 9 8 0 . 9 7 9 5 0 . 9 9 9 1 
7 0 2 0 . 6 3 9 0 ^ ^ 7 0 . 0 4 6 4 0 . 0 0 9 2 0 . 0 0 1 0 . 9 9 9 9 0 . 9 9 7 0 
7 0 3 0 . 4 8 2 0 .011 0 . 0 4 3 0 . 0 4 6 1 0 . 0 1 3 4 0 . 0 0 1 3 1 ^ 0 0 0 1 .0000 0 . 9 9 9 1 

7 0 4 0 2 2 8 0 . 0 4 9 0 . 0 4 6 0 . 0 1 3 2 0 0 0 1 2 1 0 0 0 0 0 , 9 9 8 9 

7 0 5 0 . 4 7 6 0^169 0 . 0 6 4 0 . 0 4 5 6 0 . 0 1 3 7 0 . 0 0 1 1 1 . 0 0 0 0 0 . 9 9 9 8 0 . 9 9 8 0 

7 0 6 0 . 5 7 8 0 . 4 1 0 0 . 0 5 0 0 . 0 4 5 4 0 . 0 1 3 4 0 . 0 0 1 1 . 0 0 0 0 0 . 9 9 9 6 0 . 9 9 8 8 
7 0 7 0 5 3 7 0^195 0 . 0 7 6 0 . 0 4 6 5 0 0 1 4 0 . 0 0 0 9 1 .0000 1 .0000 0 9 9 7 1 
7 0 8 0 . 5 8 7 0 . 4 0 4 0 . 1 4 4 0 . 0 4 7 4 0 . 0 1 3 8 0 . 0 0 1 8 ^ 1 . 0 0 0 0 0 . 9 9 9 8 0 9 9 2 7 
7 0 9 0 . 7 7 3 0 M 5 4 0 . 1 4 8 0 . 0 4 7 0 . 0 1 3 6 0 . 0 0 1 9 0 . 9 9 9 9 1 . 0 0 0 0 0 . 9 9 0 6 

7 1 0 0 . 8 1 6 0 . 1 5 7 0 . 0 4 7 1 0 . 0 0 2 0 . 9 9 9 9 0 . 9 8 7 6 
71 1 0 . 6 2 9 0 .201 0 . 1 0 7 0 . 0 4 8 0 . 0 2 7 6 0 . 0 0 0 8 0 . 9 9 9 9 0 . 9 9 9 9 0 9 9 4 2 
7 1 2 0 . 5 5 9 0 179 0 . 1 0 9 0 . 0 3 9 0 . 0 2 7 2 0 . 0 0 0 7 0 . 9 9 9 3 0 . 9 9 9 9 0 . 9 9 4 0 
7 1 3 0 . 2 5 5 0 . 0 9 8 0 . 0 2 8 9 0 . 0 0 0 8 0 . 9 9 9 9 0 9 9 5 2 
7 1 3 
7 1 4 I 0 . 5 9 0 . 4 1 4 0 102 0 . 0 4 9 1 0 . 0 2 8 7 0 . 0 0 0 8 0 . 9 9 9 9 0 . 9 9 9 6 0 . 9 9 4 8 
7 1 5 0 . 3 1 7 0 . 0 8 5 0 . 0 2 9 1 0 . 0 0 1 0 . 9 9 9 8 0 9 9 6 4 
7 1 6 0 . 4 0 1 0 197 0 J 2 2 0 . 0 4 9 3 0 . 0 2 8 4 0 . 0 0 1 1 1 . 0 0 0 0 0 . 9 9 9 9 0 . 9 9 3 1 
7 1 8 0 . 5 5 3 0 . 1 9 5 0 . 0 9 0 0 . 0 4 9 3 0 . 0 2 8 8 0 .001 1 1 . 0 0 0 0 0 . 9 9 9 9 0 . 9 9 6 0 
7 1 7 0 . 6 0 3 0 167 0 . 0 9 9 0 . 0 4 9 5 0 . 0 2 8 4 0 .001 1 1 . 0 0 0 0 0.99991 0 . 9 9 5 1 
7 1 9 0 . 6 0 3 0 170 0 . 1 0 9 0 . 0 4 9 4 0 . 0 2 8 3 0 . 0 0 1 1 0 . 9 9 9 9 0 . 9 9 9 9 0 . 9 9 4 0 
7 2 & 1.4 1 2 7 0 0M08 0 . 0 5 1 3 0 . 0 3 0 5 0 . 0 0 1 4 0 . 9 9 9 7 0 . 9 9 6 3 0 9 9 4 2 
721 0 . 4 2 2 1 1 8 0 0 113 0 . 0 5 1 2 0 . 0 2 9 5 0 . 0 0 1 3 1 0 0 0 0 0 99691 0 9 9 3 6 
7 2 2 1 .32 0 . 8 5 0 0 J 6 8 0 .051 0 . 0 2 9 3 0 . 0 0 1 3 0 . 9 9 9 7 0 . 9 9 8 4 , 0 . 9 8 5 7 
7 2 3 0 . 4 9 6 0 .311 O M O O 0 . 0 5 0 4 0 . 0 2 9 1 0 . 0 0 1 1 I . 0 0 0 0 I 0 . 9 9 9 8 0 . 9 9 5 0 
7 2 5 0 . 6 1 3 0 . 3 5 7 ' 0 . 0 9 5 0 05 0 . 0 2 8 5 0 . 0 0 0 9 0 . 9 9 9 9 0.99971 0 . 9 9 5 5 
7 2 6 1 6 6 0 183 0 J 2 2 ^ 0 . 0 4 5 2 0 . 0 2 7 1 ' 0 . 0 0 0 8 0 . 9 9 9 6 0.99991 0 . 9 9 2 5 
7 2 7 2 5 7 0 ^ 8 1 0 . 0 8 9 0 .051 1 0 0 2 8 7 0 . 0 0 2 5 0 . 9 9 9 0 0.99991 0 . 9 9 6 1 
7 2 8 0 . 5 1 6 I 6 6 O I 0 . 0 3 9 0 . 0 4 9 2 0 0 1 7 5 0 . 0 0 1 3 1 .0000 0 9938 ^ 9 9 9 2 
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Appendix 1 

Standard erro Sens i t iv i ty (uM/bit):- Correlation coef f i c ient : -
S ta t ion Si-s? N 0 3 - s e P 0 4 - s e Si-a N03-a P04-a Si-r2 N 0 3 - r 2 P04-r2 

73( ) 0 . 3 0 , 2 1 .77 3 0 . 0 4 0 0 . 0 4 9 , 5 0 . 0 1 7 ! 5 0 . 0 0 1 2 1.0006 0 . 9 9 2 9 0 , 9 9 9 2 
7 3 0.951 5 0 .21 0 . 0 1 2 0 .0491 3 0 .015f 3 0 . 0 0 1 3 0 .9995 0 . 9 9 9 9 0 . 9 9 9 9 
7 3 ! ! 0 . 5 4 ' ̂  0 .23( 3 0 . 0 2 9 0.049J 3 0 . 0 1 5 : 3 0 . 0 0 1 3 1.000C r 0 . 9 9 9 3 0 . 9 9 9 6 
7 3 : 0 97( 0 ^ # 0 0 3 2 0 .0496 0 .0151 0 . 0 0 1 2 0.999E 0 . 9 9 9 2 0 . 9 9 9 5 
7 3 / 0 . 9 6 ; 0 .63 - 0 . 3 6 5 
73£ 1.6£ 0.596 0 . 3 0 4 0 .0496 0 . 0 1 5 1 0 . 0 0 1 4 0 . 9 9 9 6 0 . 9 9 9 2 1 0 9 5 2 5 
736 ' 1M 0 . 3 6 : 0 139 0 . 0 4 8 6 0 . 0 1 4 7 0 . 0 0 1 4 0 . 9 9 9 8 1 0 . 9 9 9 7 1 0 9 9 0 3 
737 1.5Z 0.57E 0 . 3 8 5 0 . 0 4 8 7 0 . 0 1 4 S 0 . 0 0 1 3 0 . 9 9 9 6 I 0 . 9 9 9 3 1 0 . 9 9 2 2 
7 3 8 1.7 0.6621 0 . 1 2 5 0 . 0 4 8 7 0 . 0 1 5 0 . 0 0 1 3 0 . 9 9 9 5 0 . 9 9 9 0 i 0 9 8 6 9 
7 3 9 2 37 0.4391 0 . 3 7 8 0 . 0 4 9 2 0 . 0 1 5 0 . 0 0 1 5 0 . 9 9 9 1 0 . 9 9 9 6 ! 0 . 9 2 5 7 
7 4 1 0 . 3 6 8 0 . 0 4 7 8 0 . 0 1 4 6 0 . 0 0 1 4 0 . 9 9 9 6 i 0 . 9 9 9 1 1 0 9 2 9 7 
7 4 2 2 0 3 0.8981 0 . 3 6 3 0 . 0 4 7 9 0 . 0 1 4 4 0 . 0 0 1 4 0 . 9 9 9 4 ! 0 . 9 9 8 2 0 . 9 6 3 2 
7 4 3 2 35 1.030! 0 . 4 3 4 0 . 0 4 8 0 . 0 1 4 4 0 . 0 0 1 5 0 . 9 9 9 1 0 . 9 9 7 7 0 . 9 0 0 8 
7 4 4 0 . 8 3 0.6511 0 . 0 4 9 0 . 0 1 5 2 0 . 9 9 9 9 0 . 9 9 9 1 
7 4 5 1.1 0 . 6 8 7 0.1 17 0 . 0 4 7 9 0 . 0 1 4 7 0 . 0 0 1 2 0 .9998; 0 . 9 9 8 9 0 . 9 9 2 7 
7 4 6 1 .07 0 . 6 2 8 0 . 0 9 9 0 . 0 4 7 8 0 . 0 1 4 7 0 . 0 0 1 2 0 9998: 0 . 9 9 9 1 0 .9951 
7 4 7 2 13 0 .591 0 . 0 4 9 0 . 0 1 5 1 0.99931 0 . 9 9 9 2 
7 4 8 1 .4 0 . 4 2 8 0^W4 0 . 0 4 7 9 0 . 0 1 5 1 0 . 0 0 1 3 0.99971 0 . 9 9 9 6 0 . 9 9 9 0 
7 4 9 1 9 1 0 . 4 0 6 0 . 2 3 3 0 . 0 4 9 7 0 . 0 1 5 0 . 0 0 1 4 0.99941 0 . 9 9 9 6 0 . 9 7 2 2 
7 5 0 1.21 0 . 3 4 4 0^128 0 . 0 4 9 3 0 . 0 1 4 8 0 . 0 0 1 5 0 . 9 9 9 8 0 . 9 9 9 7 0 . 9 7 3 7 
751 1 .27 0 . 5 1 8 0^136 0 . 0 4 9 2 0 . 0 1 4 6 0 . 0 0 1 4 0.99971 0 . 9 9 9 4 0 . 9 7 1 7 
7 5 2 0 .801 1 . 8 0 0 0 . 1 4 5 0 . 0 4 9 4 0 . 0 1 5 8 0 . 0 0 1 3 0.99991 0 . 9 9 2 8 0 . 9 8 9 4 
7 5 3 1 .24 1 ^ 0 0 0 . 1 0 4 0 . 0 5 0 . 0 1 5 5 0 . 0 0 1 3 0.99981 0 . 9 9 5 0 0 . 9 9 4 6 
7 5 4 2 6 5 2 . 2 2 0 0 . 1 6 3 0 . 0 5 0 6 0 . 0 1 5 8 0 . 0 0 1 3 0.99891 0 . 9 8 9 0 0 . 9 8 6 5 
7 5 5 1 3 7 1 . 6 7 0 0 . 1 3 5 0 . 0 5 0 1 0 . 0 1 5 9 0 . 0 0 1 4 0 . 9 9 9 7 0 . 9 9 3 8 0 . 9 9 0 7 
7 5 6 r 2 8 0^ i94 0 . 0 3 5 0 . 0 5 0 3 0 . 0 1 5 7 0 . 0 0 1 2 0.99971 0 . 9 9 9 5 0 . 9 9 9 4 
7 5 7 1 2 4 0 .431 0 . 0 2 8 0 . 0 4 9 3 0 . 0 1 5 6 0 . 9 9 9 8 0 . 9 9 9 6 
7 5 8 1 8 4 2 . 2 2 0 0 . 0 6 5 0 . 0 4 8 5 0 . 0 1 5 0 . 0 0 1 1 0 . 9 9 9 5 0 . 9 8 9 0 ; 0 9 9 7 9 
7 5 9 1 . 1 6 0 0^162 0 . 0 5 2 3 0 . 0 0 1 7 0 . 9 5 4 3 : i 
7 6 0 0 . 7 2 9 0 4 8 6 0 . 0 9 0 0 . 0 4 8 0 . 0 1 4 8 0 . 0 0 0 6 0 . 9 9 9 9 ! 0 . 9 9 9 5 0 . 9 9 5 9 
761 0 . 6 3 7 0 . 3 4 2 0 . 1 1 4 0 . 0 4 7 5 0 . 0 1 4 6 0 . 9 9 9 9 0 . 9 9 9 7 
7 5 9 0 . 0 4 7 7 0 . 0 1 5 0 . 9 9 9 6 0 .9991 
7 6 6 1 .7 0 . 4 8 4 0 . 0 5 8 0 . 0 4 8 3 0 . 0 1 4 9 0 . 0 0 1 3 0 .9995 ! 0 . 9 9 9 5 0 . 9 9 8 3 
7 6 7 1 .09 0 . 3 3 8 0 . 0 4 8 0 . 0 4 8 4 0 . 0 1 3 3 0 . 0 0 1 7 0 .9998 ! 0 . 9 9 9 8 0 . 9 9 8 8 
7 6 8 1 0 1 0 . 2 9 9 0 . 0 5 6 0 . 0 4 7 8 0 . 0 1 3 8 0 . 0 0 1 6 0 .9998 ! 0 . 9 9 9 8 0 . 9 9 8 4 
7 6 9 0 . 6 6 6 0 . 0 7 4 0 . 0 4 6 2 0 . 0 1 5 6 0 . 0 0 2 0.99801 0 . 9 9 9 0 0 . 9 9 7 3 
7 7 0 3 . 7 5 0 . 3 6 9 0 . 0 6 2 0 . 0 4 4 7 0 . 0 1 5 2 0 . 0 0 1 8 6.99781 0 . 9 9 9 7 0 .9981 
771 3 76 0 . 4 4 3 0 . 0 4 0 0 . 0 4 4 3 0 . 0 1 5 2 0 . 0 0 1 8 0 . 9 9 7 8 0 . 9 9 9 6 0 . 9 9 9 2 
7 7 2 2 . 3 3 0 . 5 8 0 0 . 9 0 3 0 . 0 6 4 7 0 . 0 1 5 4 0 . 9 9 9 1 0 . 9 9 9 3 
7 7 3 2^W 0 . 4 9 0 0 . 0 6 4 2 0 . 0 1 6 2 0 . 9 9 9 2 0 . 9 9 9 5 
7 7 4 2^M 0 . 3 7 4 0 . 0 6 4 2 0 . 0 1 6 8 0 . 9 9 9 2 0 . 9 9 9 7 
7 7 5 3 . 2 0 . 6 9 4 0 . 0 6 2 6 0 . 0 1 5 0 . 9 9 8 4 0 . 9 9 9 7 
7 7 6 0 . 8 7 4 0 . 4 5 7 0 . 0 6 2 0 . 0 4 8 5 0 . 0 1 8 5 0 . 0 0 1 0 . 9 9 9 9 0 . 9 9 9 5 0 . 9 9 8 0 
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Appendix 2 

SAGAMI RESULTS D213 j 
1 1 1 1 

Results of measurements made on external QC standards (Saaami chemical C o . Jaoan) during | 
D213. The exoected concentration, and the percentaae difference of the m e a n of the measurements 
made from that value, is recorded. 

Silicate:- Nitrate:- Phosphate ; -
Cone. 1 0 , 0 0 5 0 . 0 0 5 0 . 0 0 2 0 . 0 0 2 0 . 0 0 2 0 . 0 0 1 .00 1 .00 1 .00 
umol/l 

9 .90 49 .30 47 .74 19.46 19 .94 22.09 1.17 1.19 0 86 
9 .70 4 8 . 3 3 47 .19 19 19 19 .56 2 1 ^ 9 1.07 0.96 0 86 
9 .97 48.61 48.51 19 98 19 .32 22 .30 0.96 0.97 0 .79 
9 . 5 3 4 7 . 8 6 47 20 1 9 ^ # 18.92 21 .83 1.14 1.08 0 ^ ^ 
9.61 49 .21 46 .64 19.16 18.71 0.82 0 78 
9 .58 48^W 45.31 20 02 19.34 O.92I 
9.59 48 32 19 .66 2 0 0 7 0.811 

19 .35 19 .46 O.83I 
19 12 
19 .20 

mean 9 . 7 0 4 8 . 5 5 4 7 . 1 9 1 9 . 5 2 1 9 . 3 6 2 1 . 9 8 1 .09 0 . 9 5 0 . 8 1 
SD 0 .17 0 5 3 1 0 1 O^W 0 . 4 2 0 .27 0 .09 0 U 3 0 04 
CV% 0 . 7 8 2 ^ ^ 4.61 1 .53 1.91 1 ^ 3 0 ^ ^ O^U 0 19 

1 

% diff 3 . 0 3 2 91 5 ^ # 2.41 3 U 8 9.89 &5o| &25 18.60 
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Appendix 3 

0213 QUALITY CONTROL RESULTS 

Results from the measurement of quality control samples (QCI and QC2) 
and nitrite (N02) s tandards over D213. 

Stat ion 

6 7 3 
6 7 3 
6 7 4 
6 7 4 
6 7 5 
6 7 5 
6 7 6 
6 7 6 
6 7 7 
6 7 7 
6 7 8 
6 7 8 
6 7 9 
6 7 9 
6 7 6 
6 7 6 
6 8 2 
6 8 2 
6 8 3 

6 8 3 
6 8 4 
6 8 4 " 
6 8 5 
6 8 5 
686 

686 
686 

6 8 7 
6 8 7 
688 
688 
6 8 9 
6 8 9 
6 9 0 
6 9 0 
6 9 1 
691 
6 9 2 
6 9 2 
6 9 3 
6 9 3 
6 9 4 
6 9 4 

6 9 5 
6 9 6 
6 9 6 
6 9 7 
6 9 7 
6 9 8 
6 9 8 
6 9 9 
6 9 9 
7 0 0 
7 0 0 

Si - QCI 

68^ 
69^ 
6 7 . 9 
68^ 
6 & 9 
6 7 . 7 
68.1 
69JI 
6 7 . 8 
6 7 . 7 
6 8 . 8 
6 8 . 4 
6 8 . 3 
6 8 . 3 
68.6 
6 8 . 7 
6 8 . 2 
6 8 . 6 " 

6 8 . 5 " 

6 8 . 4 
68.6 
6 8 . 7 
6 8 . 5 
6&2 
6 8 . 4 

M 
6 9 . 9 

^ 

6 9 . 9 
67^ 
665 
68^ 
6 6 6 
6 8 . 3 

M 
6 9 
6 9 
6 9 

6 9 . 6 
6 9 

6 8 . 7 
6 8 . 9 

6 9 

69^ 
6 & 9 
69M 
6&9 
6 9 . 3 
6 8 . 2 
6 9 . 5 
6 9 . 3 
6 9 . 2 
6 9 . 4 
69^ 

Si - QC2 

75 .4 
7 5 . 5 
7 3 5 
7^4 
7 3 . 5 
7 4 . 5 
7 4 . 9 
7 5 . 3 
7 4 . 3 

7 4 . 5 
7 ^ 

7 4 . 7 
7 5 . 7 

7 5 . 6 
7 5 . 2 
7 5 . 2 

75 

7^ 
7 5 . 5 
7 6 . 6 

76 

:r5.8 
75 .1 
7 5 . 2 
7 4 . 5 
74^ 
7&3 
7 6 . 2 

7 6 . 4 
7 4 . 5 

7^ 

7 6 . 8 
75 

^ 
75 

7 5 . 4 
7 5 . 4 

7 6 
7&2 
7 5 . 4 
7 5 . 6 
75^ 
7 5 . 6 

75^ 
7 & 8 
73^ 
7 3 V 
7 3 8 
7 3 . 8 
73V 
74^ 
74M 
7 4 . 5 
7 4 . 4 

N 0 3 - QCI 

2 6 . 5 
2 6 . 5 
26.6 

2 6 . 3 
2 6 . 9 
2 7 2 
2 6 7 

2 6 9 
2 7 2 
2 6 . 4 
2 6 . 8 
2 7 . 3 
26.1 
2 6 . 3 
26.6 
2 6 . 7 

2 6 . 3 
2 6 . 4 
2 6 . 7 
2 7 . 1 
2 6 . 6 
26.6 
2 & 5 
26.6 
25^ 
2 6 . 4 " 
2 6 . 8 " 

26 6 
2 6 . 6 ' 

2IG] 
2 6 . 1 " 

2 6 . 1 " 

2 & 2 " 
26.6 

2Z_ 
2&9 
2 7 . 3 
2 6 . 4 
26.6 
2 & 7 
26J 
2 6 . 8 
26.1 

2 6 . 6 
26^1 
26^^ 
26^1 
2 6 9 
26JI 
27J1 
26M 
2 6 . 5 
26^r 
27 .1 

N 0 3 - Q C 2 

2 4 . 5 

P 0 4 - QCI 

2 . 3 4 

P 0 4 - QC2 

2.02 

N 0 2 

2 4 . 4 
24 5 
24M 
24 8 

25 .1 
2 4 . 6 
2 4 . 8 

24 8 
2 4 . 2 
2 4 . 9 
2 5 . 1 
2 4 . 3 
2 4 . 4 
2 4 . 6 
2 4 . 5 
2 4 . 5 
2 4 . 6 " 
2 4 . 8 

2 5 . 2 
2 4 . 8 
2 4 . 8 
2 4 . 3 
2 4 . 5 
2 3 . 4 
2 4 . 3 
2 4 . 6 
2 4 . 4 
2 4 . 5 

2 3 . 9 
2 4 1 
22^ 
2 4 . 1 " 

2 5 
2 4 . 7 
2 ^ ^ 
2 5 . 2 " 
2 4 . 4 " 
24 6 " 
2 4 . 5 

2 4 . 2 
24^ 
2 4 . 2 
2 3 ^ 
2 ^ ^ 
2 & 8 
23V 

2 4 
2 4 
2 4 

24 2 
2 3 . 5 
2 & 9 
2 4 2 
2 4 . 4 

2 74 
2 ^ ^ 
2 . 2 9 
1 8 7 
1 .96 
2 ^ 6 

_ L 9 
2.01 
2 . 0 7 
1 .96 
2 . 1 5 

2 26 

2 ^ W 
2 . 0 2 
2 . 0 4 
2 . 1 3 
2 . 0 6 
2 . 0 7 
2 . 0 3 

1 . 9 5 
I ^ W 
2 2 2 
I^U 
1 . 9 7 
1 . 8 7 
1 ^ 3 

1.91 
1 .96 

- L i l " 
1 .92 
1 . 8 1 ^ 

_ _ L 8 
2 . 0 1 " 

2 ^ # 
2.01 
2 . 0 7 
2.06 

1 ^ ^ 
1 V 4 
I ^ M 
1 V 5 
1 8 1 
1 8 4 
1 8 3 
1 V 9 
1 .87 
1 4 5 
1 7 3 

2^W 
r 9 

1 ^ 8 
r e 

1 . 6 7 " 
1 ^ 8 " 

I V 
1 ^ 8 " 
1 7 6 
1 ^ 8 
1.86 

2.22 
1.97 
1 .85 
1 .83 
1 .83 
1.95 
1 ^ 7 
1 .83 

1.85 
1.86 
1.64 
1.69 
1 .87 

1.6 
1.73 
1 ^ 8 
1 V 2 
1.66 
1 V 4 

JUG9 
I V 

1.59 
1 ^ 4 

_ L 8 
1 V 8 
1.77 
1 .77 
1.81 
1.75 

1 .72 
1 ^ 9 
1 ^ 3 
1 ^ 2 
1.56 
1^1 
1 ^ a 

1 .57 
1 ^ 9 
1.23 
1.41 

2 8 . 6 3 

28.8 

2 8 . 5 6 

2 7 . 1 6 

2 8 . 4 9 

2 9 . 2 4 

2 8 . 4 1 
2 7 . 7 6 

2 8 . 1 9 

2 8 . 7 1 

2 8 . 0 4 

2 7 . 8 7 

2 7 . 8 7 

2 8 . 0 6 

2 8 . 5 5 

2 8 . 4 1 

2 8 . 4 9 

2 8 J 7 

29 17 
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Appendix 3 

S ta t ion Si - QC1 Si - QC2 N03 - QC1 N03 - QC2 P04 - QC1 P04 - Q C 2 N02 
70 68. 73.3 27. 7 19.2 1.7. S 1.5 23 05 
70 67. 7 I^U 1 
70 , 2 68. : 2 75.8 27X 3 24 .4 1.8" r 1 . 6 1 
70; ) 6 7 ! 3 1.9 
70: 3 70.f 3 71.3 27.C ) 22 .8 1^1/ 1 .5 28 71 
7o: 3 6 ^ 26 6 1 7 / 
70/ 67.( 74.6 2 7 J 25 .2 1.81 1 .61 29 76 
70/ 68.1 75.4 1.8£ 1 .64 
70E 6 A ; 74.3 26.£ 24 .5 i ^ i : 1 .61 28 32 
705 6E 7 5 ^ 26.£ 2 4 ^ 1.£ 1 . 65 
70( 66.E 73.3 26 6 2 4 ^ 1.67 1 . 4 8 28.41 
706 67 E 26.5 1.72 
707 74 9 27.7 2 & 5 1 . 7 3 2 ^ 6 2 
707 68 5 7&1 27 9 1.87 
708 69.2 7 5 ^ 26.7 24 .7 2 1 . 7 8 28.34 
708 68.2 76M 26 .3 2 4 ^ 1.92 1 . 76 

709 68 .5 75,3 2 7 2 5 2 1 . 7 8 28 .36 
709 68 .4 75.4 26 .7 25.1 1 9 7 1 . 7 6 
710 6 8 ^ 7 5 ^ 1.96 1 . 7 6 
710 68 3 1 9 1 
711 69.1 75.4 26 8 2 4 ^ 1.81 1 . 6 1 
71 1 68 1 75.2 24 7 27 .7 1 8 9 1 . 6 7 
712 63 .9 2 7 2 4 ^ 1.93 1 .71 2 A 8 
7 1 2 7 0 ^ 2 & 9 24 7 1 9 3 1 7 3 
712 70/7 78 28 
7 1 2 
7 1 3 6 A 9 73.9 26 .7 2 4 ^ 1 . 6 9 28 1 
7 1 3 26 .5 2 4 . 3 1 8 5 1 . 6 3 

7 1 4 67 .8 74 .3 2 6 ^ 2 4 ^ 1.92 1 . 6 7 
714 68^4 74 5 2&7 24 6 1.9 1 . 6 9 
715 68 9 74 .3 26 .8 2 4 . 7 1 . 6 7 

715 6 A 4 7&5 26 .7 1.91 
716 69.1 7 5 27.1 2 4 ^ 1.75 1 .51 

716 60 1 7 4 ^ 22 .4 1 7 5 1 . 4 8 
718 6 9 7 5 ^ 2 & 9 2 4 ^ 1.95 1 . 6 5 2&5 
718 68 .6 74 .7 26 .8 2 4 . 5 1.91 1 . 6 6 
7 1 7 69.1 75 5 26 8 2 4 X 1 8 8 1 . 6 4 28 .44 

7 1 7 6 & 6 7 4 ^ 26 8 2 4 . 5 1.84 1 . 5 9 
7 1 9 69.1 76.2 26 .8 2 4 . 5 1 .93 1 . 6 4 30 .06 
7 1 9 68 8 76 .3 26 .4 24 .6 I^W 1 . 6 3 
720 6 9 . 7 76 29 .9 2 7 . 2 1 ^ 7 1 . 5 29 6 
720 6 9 . 8 76 27 .5 29 .6 1 .83 1 . 6 5 
721 69.1 7 5 J 29.4 2 7 . 3 1.74 1 . 5 5 31.91 

721 69 .2 75 .7 29 .8 27 .8 1.91 1 7 3 
7 2 2 6 & 4 75.1 2 9 2 6 . 7 1.9 1 . 6 5 32 .24 
7 2 2 6 9 76.8 29 .9 27 .4 I^W 1 . 7 

7 2 3 66 .4 74.5 27M 25 .4 1.86 1 . 6 6 26 .94 
7 2 3 68M 74.8 27 .7 2 6 1.92 1 . 7 2 
7 2 5 6 6 . 3 74 .5 26 .7 2 5 . 2 1.92 1 . 74 28 8 
7 2 5 66 2 74.8 26 .8 25 .4 1 .89 1 7 2 
726 62 5 68.8 25 .5 23 .4 1 .99 1 74 23 6 
726 64 .6 71.2 2 2 . 3 2 0 6 1.81 1 ^ 4 
7 2 7 6 9 ^ 77 26 .6 24 .5 1.81 1 . 5 6 
7 2 7 6 7 . 8 7 5 ^ 26 .5 24 .4 1.79 1 . 56 
728 6 8 ^ 7 5 ^ 33.5 30 .8 1.8 1 . 5 6 37.61 
728 6 6 ^ 74 3 9 ^ 36 5 1.85 1 . 6 2 1 
7 3 0 68 6 75.5 27 .3 3 1 8 1 8 8 1 . 6 3 43 16 
7301 68.1 75 2 5 3 7 1.87 1 .64 
731 69 3 7 6 J 27 3 2 5 1.76 1 . 5 5 ^ 28 23 
731 69M 7 6 ^ 1.71 1 . 5 2 
7 3 2 6 9 ^ 76 1 26 4 24 .4 1 8 1 1 5 5 28 45 
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Appendix 3 

Station SI - QC1 SI - QC2 N03 - QC1 N03 - QC2 P04 - QC1 P04 - QC2 N02 
732 69.2 76^ 26^ 24^ 1 5 1 
733 68 2 74^ 26 2 24^ 1.67 1 .48 25. 
7 3 3 52.1 63^ 21.4 20 .5 1 .33 1.21 
734 69 .2 76^ 26.5 24 .5 1.46 1 .27 27. 
734 6&9 75^ 24^ 22 .5 1.5 1.28 
735 6 9 ^ 76 26.6 2^ .6 28. 
735 6 9 ^ 7 6 ^ 26.6 24.6 
736 68 .9 75^ 26^ 24 .7 1.31 1 .57 28.84 
736 6 9 75 8 26 7 24^ 1.02 1.34 
73^ 65.1 73 2 28^ 28 5 1.54 1 .33 
737 71 .3 75.8 25 2 24.9 1.41 1 2 8 
738 67 8 74 2 2 & 3 24.1 1 .35 1 .15 27.1 
738 67 6 25 9 
739 68^ 74.6 26 24.1 1 .75 1.62 27.64 
7 3 9 71.1 77.8 2 7 2 5 1.76 1.64 
741 6 7 73 3 25 .3 23 .6 1.72 1 .52 27.81 
741 66.8 73 5 25^ 2 4 1 .65 1 .5 
742 72 6 73 8 2 3 2 4 1 .47 27 .66 
7 4 2 64 .5 73M 24^ 2 & 7 1.62 1 .53 
7 4 3 6&6 72.9 24.7 23 .8 1.7 1.51 27 .28 
7 4 3 6 5 7 Z 6 24^ 23 5 1 ^ ^ 
744 6&2 74^ 27M 2 5 1 ^ # 1.72 
745 67 .6 7&8 26^ 24.7 1.84 1.5 28M 
7 4 5 68.2 74 .3 27 1 24 .8 1.92 
7 4 6 69.2 75.2 27.4 25 .2 1.94 1.55 28 .69 
746 68.1 73^ 27 .3 24.8 1.61 1 ^ ^ 
747 67 .8 74.2 26 2 4 X 28 .36 
747 67 .5 73^ 26 3 24 2 
7 4 8 6&9 7 3 25 7 23 9 1.76 1.581 2 8 . 5 3 
7 4 8 66 72.6! 2 5 ^ 23 9 1.7 1.54 
7 4 9 70 .3 76.5 25 8 23.8 27 .57 
7 4 9 7 & 6 77.1 26 2 4 
7 5 0 6 9 ^ 7 5 ^ 25 6 23 .5 28 .08 
7 5 0 6 9 75.8 25.5 23 .6 
751 67 .2 72 .3 2 4 ^ 22 .5 1.32 1.17 2 7 . 9 5 
751 68 .5 72.8 2 5 22 .7 
7 5 2 68 .3 7 4 ^ 29 .8 27 .2 1.96 1.78 33 .22 
7 5 2 6 & 5 74.4 30 8 2&4 1.99 1.81 
7 5 3 
7 5 3 
7 5 4 
7 5 4 
7 5 5 
7 5 5 
7 5 6 
7 5 6 
7 5 7 
7 5 7 
758 
7 5 8 
7 5 9 
7 5 9 

_760 
760 
761 
761 
7 5 9 
7 6 3 
7 6 3 
764 
7 6 5 

6 8 ^ 
67 .7 
7 0 . 7 
70 .2 

6&7 
6 & 7 
68 3 

M 
6 A 7 
6 1 ^ 
6 1 ^ 
73 2 
6 A 4 
64M 
67 3 
67.1 
68.2 
6 8 ^ 
6 8 ^ 
68 .9 
6 8 . 4 

75 .8 
^ 

76.1 
75 6 

766 
767 
72 3 
7 1 ^ 
7 1 5 
7 0 ^ ' 
6 7 ^ 
47 7 

67M' 
7 2 ^ " 
72 2 
73 1 

74 
7 4 ^ 
74 6 
7 ^ ^ 

2 9 ^ 
2 9 ^ 
30 .3 
3 0 ^ 
29M 
3 0 ^ 
26M 
2 6 ^ 
26 

21.6 

2 6 ^ 
25 6 
25 6 
25.6 
26 

2 5 ^ 
2 6 ^ 
26^1 
26.21 

28 1 
2 8 ^ 
28 

28.4 
27.4 

^ 

2 ^ 
2 4 ^ 
26 .5 

23 9 
24M 
2 ^ 5 
23.6 
2 3 ^ 

2 4 
24.2 
24 8 
24 .2 

1^15 
1 ^ # 
2 .41 

1.7 
1 ^ ^ 

1 
I^W 
1 6 6 
2.01 

1^16 
1.87 

1 9 6 
1.69 
1.76 
j l73 
1.72 

1^13 33 .32 
1.83 
2 .27 

_L59 
1 ^ 2 
1.51 

1.47 
1.48 

1V3 
1.75 

1 V 3 
1 ^ 5 
1 6 7 

1.6 

34 .84 

32 .93 

31 .26 

28 .64 
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Appendix 3 

S ta t ion Si - QC1 Si - QC2 N03 - QC1 N03 - QC2 P 0 4 - QC1 P04 - Q C 2 N02 
765 6 7 8 2 ^ 
766 7 Z ^ 26.6 24 2 1.74 1 . 5 6 
766 66 .7 26 2 1 7 3 
7 6 7 68 .7 74.4 26 .7 24 4 1.5 
7 6 7 68 3 26 .6 1.5 
7 6 8 68 5 7 ^ 8 2&.7 24 8 1.47 1 . 6 1 
768 68 2 26.1 ^ 7 8 
7 6 9 67 .4 73 2 2 6 ^ 24 7 1 ^ 6 1 . 6 1 
769 6 9 27.1 1 .77 
770 67 .5 6 9 ^ 2 6 22 8 1.7 1 ^ 4 ] 
770 67.1 2&^ 1.71 
771 6 5 . 3 6&4 25 2 22.61 1 6 4 1 4 1 
7 7 l ' 64 .9 24 9 1.61 
7 7 2 68J8 70.7' 2 5 J 2 2 . 3 
7 7 2 68 .5 25 .2 
7 7 3 68 .4 71.2 2 6 22 8 
7 7 3 6 9 ^ 25 7 
774 69.1 71 .3 2 5 ^ 22 6 
774 6 7 25 .6 
775 6 7 68.7 2 7 2 2 3 . 7 
7 7 5 67 2 2 7 ^ 
776 6 A 6 7 4 ^ 3 0 2 6 ^ 
776 6 8 1 1 
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