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Chapter 2 
 
Methods 
 
2.1. Sampling and filtration 
Samples were collected of three expeditions, one aboard the research vessel Pelagia and two 
aboard the research vessel Polarstern. The GEOTRACES expedition aboard R.V. Pelagia was 
between 11 April and 26 April 2007 in the North East Atlantic Ocean off the coast of Portugal 
(Chapter 3). The first IPY-GEOTRACES expedition ARK XXII/2 aboard R.V. Polarstern was 
from 28 July until 07 October 2007 from Tromsø (Norway) to Bremerhaven (Germany) 
(Chapters 4 and 5). The second IPY-GEOTRACES expedition ANT XXIV/3 was from 10 
February until 16 April 2008 from Cape Town (South Africa) to Punta Arenas (Chile) (Chapters 
6-11).  

At the polar expeditions two types of hydrocasts were done. At regular hydrocasts seawater 
samples were collected with the regular CTD/Rosette, and were analysed for nutrients among 
other variables. At trace metal (TM) hydrocasts samples for trace metals were taken using the 
Titan all-titanium CTD sampling system, but also samples for nutrients and other variables. This 
sampling systems consists of 24 internally Teflon-coated PVC 12 L GO-FLO Samplers (General 
Oceanics Inc.) mounted on an all-titanium frame. This frame was connected to a 17.7 mm 
diameter Kevlar hydrowire with seven independent internal signal/conductor cables (Cousin 
Trestec S.A.) and controlled from onboard (De Baar et al., 2008). Each GO-FLO sampler had a 
special ultraclean all-teflon PTFE valve (Cole Parmer; PN A-06392-31) installed. Immediately 
upon recovery, the complete titanium frame with its 24 GO-FLO samplers was placed inside a 
class 100 clean room. Within this class 100 clean room environment the sub-samples for trace 
metal analysis were collected from the GO-FLO samplers. The water was filtered over a 0.2 μm 
filter cartridge (Sartobran-300, Sartorius) under pressure (1.5 atm) of (inline prefiltered) nitrogen 
gas exerted via a special connector instead of the regular air bleeding valve at the top of each 
GO-FLO sampler. Therefore, all data reported in this thesis are for dissolved trace methods. Sub-
samples for trace metals were taken in cleaned (see below) LDPE sample bottles (125 mL) from 
each GO-FLO bottle. All sample bottles were rinsed five times with the sample seawater.  

Underway surface sampling (target depth of 1.5 m) was conducted on the Antarctic expedition 
during transit between stations from south of 66°01'S onwards until 69°35'S near the continental 
ice edge. This was done with a towed epoxy-coated stainless steel torpedo deployed off a crane 
arm on the starboard side of the ship. Water was pumped aboard with an Almatec A-15 Teflon 
diaphragm pump. A total of 24 samples were tapped inside the same class 100 clean room 
environment (see above) by in-line filtration over a filter capsule containing a 0.4 μm pre-filter 
and a 0.2 μm end-filter (Sartrobran P 0.2 μm, Sartorius) 

The Low Density Polyethylene bottles (LDPE, Nalgene; volumes 125, 500 and 1000 mL) used 
for the storage of reagents and samples were cleaned according to an intensive three step cleaning 
procedure. As a first step the bottles were rinsed with demineralised water, filled with a 5% 
concentrated detergent solution (Micro-90 diluted with demineralised water, International 
Products Corporation) and soaked in a 60 ºC water bath for 24 h. Thereafter, the bottles were 



Chapter 2 

24 
 

rinsed with demineralised water until visible soap residue was washed away and subsequently 
rinsed twice with MQ (Millipore Milli-Q deionised water R > 18.2 MΩ·cm -1). In the second step 
the bottles were filled with 6 M HCl (dilution with MQ from 37% HCl, reagent grade, J.T. Baker) 
and stored in a 60 ºC water bath for 24 h. After rinsing 3 times with MQ, as the third step, the 
bottles were filled with 3M HNO3 (dilution from 65%, reagent grade, J.T. Baker) and stored 24 
hours in a 60 ºC water bath. Finally the bottles were filled with MQ and acidified by adding 20 
mL of 3 times quartz distilled 6M HNO3 (destilled from 65% reagent grade, J.T. Baker) per L. 
For transportation and storage all bottles were packed in two LDPE plastic bags. All rinsing with 
MQ and filling with the different acid solutions were done in a clean environment (class 100 
clean room). 

Samples for nutrients were unfiltered and collected from the GO-FLO bottles in High Density 
Poly Ethylene (HDPE) sample bottles which were rinsed three times with sample water. Samples 
were stored in the dark at 4° prior to analysis (see text section 2.7.). 

2.2. Analysis of dissolved Al in the Atlantic and Arctic Oceans 
Analyses of dissolved Al were based on a method modified after the flow injection method 
developed by Resing and Measures (1994). Latter method was adapted from the original 
fluorimetric method of Hydes and Liss (1976). Samples were stored in a refrigerator (4°C) and 
analysed usually within 24 h after sampling but always within 36 h. Samples were acidified 1 h 
before the start of a run of 10 samples with 2 ml 12 M ultraclean HCl (Baseline® Hydrochloric 
Acid, Seastar Chemicals Inc.) to 0.024 M HCL wich results in a pH of ~1.8. In a flow injection 
system the samples were buffered inline to a pH of 4.8 ± 0.1 with ultraclean 0.6 M ammonium 
acetate buffer. This buffer was produced after Aguilar-Islas et al. (2006) by diluting a saturated 
solution of ammonium acetate crystals to a 0.6 M solution with MQ. The pH was subsequently 
adjusted to 6.7 with ultraclean ammonium hydroxide. This was produced by bubbling 0.2 µm 
filtered high purity ammonia gas through MQ water. 

The buffered sample was pre-concentrated for 240 s on a Toyopearl AF-Chelate-650M 
(TosoHaas, Germany) column. Hereafter the column was rinsed for 60 s with MQ water to 
remove interfering salts. The Al was subsequently eluted from the column with 0.16 M HCl 
(Suprapure, Merck) during 250 s. The eluate of Al in HCl entered the reaction stream which 
consisted of a lumogallion (Pfaltz & Bauer) solution in 4 M ammonium acetate buffer. The 4 M 
buffer was produced similar to the 0.6 M buffer (see above), but with the pH adjusted to 6.8 ± 0.1 
and the lumogallion was a 4.8 mM solution in MQ. The mixing of the HCl and buffer results in a 
reaction pH of 5.7 ± 0.1 at which an Al-Lumogallion chelate complex is formed which can be 
detected by its fluorescence. The complex was mixed in a 10 m reaction coil placed in a water 
bath of 50 °C. Hereafter a 2.5% Brij-35 (Merck) solution in MQ was added to increase the 
sensitivity (Resing and Measures, 1994) and mixed in a 3 m mixing coil. Afterwards the emission 
of the fluorescent complex was detected on a FIA-lab PMT-FL detector with a 510 until 580 nm 
emission filter and a 480 until 490 nm excitation filter. Concentrations of Al were calculated in 
nanomol.L-1 from the peak heights (see subsection 2.4. below). 

2.2.1 Calibration of dissolved Al in the Atlantic and Arctic Oceans 
The system was calibrated using standard additions from a 5000 nM Al stock solution (Fluka) to 
filtered acidified seawater of low Al concentration that was collected in the Arctic Ocean. A six-
point calibration line (0, 1, 2, 4, 8 and 16 nM standard additions) and blank determination were 
made every day. The 3 lowest points (0, 1 and 2 nM) of the calibration line were measured in 
triplicate and the 3 highest points (4, 8 and 16 nM) in duplicate in order to add more weight to the 
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lower part of the calibration line. The blank was determined by plotting the signals of increasing 
pre-concentration times (30, 60, 120, 210 and 300 seconds) of the water also used for the 
calibration. A line was fitted through these data points and the intercept of the line taken as the 
blank, which was 0.16 nM (S.D.=0.03 nM; n= 44). If the blank was greater than 0.2 nM, the 
analysis run was stopped. Subsequently the system was cleaned and the blank reanalysed with 
freshly made sampling buffer until the blank value was below the 0.2 nM limit. The limit of 
detection, defined as three times the standard deviation of the lowest concentration observed, was 
0.15 nM. The FIA system was cleaned every day by rinsing with a 0.5 M HCl solution. 

An internal reference sample was measured in the Arctic in triplicate every day. This internal 
reference sample was a sub-sample of a 25 L volume of filtered seawater that was taken at the 
beginning of the expedition in the Barents Sea. The relative standard deviation of the replicate 
analysis seawater sample that was analysed 27 times on different days in triplicate was 3.19%. 
The relative standard deviation on single days was on average 2%. The average concentration of 
Al of this internal reference sample was 4.93 nM and the deviation from this average for a given 
measuring day was used as a correction factor. This correction factor is on average implicitly 1 
and the standard deviation was 0.03. To verify whether this was decreasing the inter-daily 
variability in the dataset, every day a sample which was collected and measured the previous 
measuring day, was analysed once again. The deviation between the concentrations measured on 
the different days decreased from 3.6% to 2.8%, indicating the data correction is beneficial.  

2.3. Analysis of dissolved Al in the Antarctic 
The analyses of dissolved Al were performed on shipboard with the improved method of Brown 
and Bruland (2008), adapted from Resing and Measures (1994). This method is basically the 
same flow injection analysis system as described above (text section 2.2.) with some changes in 
the chemicals and their concentrations and the pH of pre-concentration and reaction. Samples 
were stored and acidified as during the Arctic and Atlantic expeditions. In the flow injection 
system the samples were buffered inline to a pH of 5.5 ± 0.1 with ultraclean 2 M ammonium 
acetate buffer. This buffer was produced as described above but with the pH was adjusted to be 
between 8.8 and 8.9 with ultraclean ammonium hydroxide. The buffered sample was pre-
concentrated for 200 s and the column was rinsed for 60 s with MQ water to remove interfering 
salts. The Al was subsequently eluted from the column with 0.10 M HCl (Suprapure, Merck) 
during 250 s. The eluate of Al in HCl entered the reaction stream of the lumogallion solution in 4 
M ammonium acetate buffer. The 4 M buffer was produced similarly as during the Arctic and 
Atlantic expeditions, but with the pH adjusted to be between 6.4 and 6.5. The mixing of the HCl 
and the buffer results in a reaction pH between 5.3 and 5.4 at which the Al-Lumogallion chelate 
complex is formed. This complex was detected after mixing and 5% Brij addition, exactly as 
during the Arctic and Atlantic expeditions.  

2.3.1 Calibration of dissolved Al in the Antarctic 
The system was also calibrated using standard additions from a 5000 nM Al stock solution 
(Fluka) to filtered acidified seawater of low (<0.5 nM) Al concentration that was collected in the 
Antarctic Ocean. A six-point calibration line (0, 1, 2, 4, 6 and 8 nM Al standard additions) and 
blank determination were made every day. The 3 lowest points (0, 1 and 2 nM Al standard 
additions) of the calibration line were measured in triplicate and the 3 highest points (4, 6 and 8 
nM Al standard additions). The blank was determined by plotting the signals of increasing pre-
concentration times (30, 60, 120, 180 and 240 seconds) of the calibration water and was 0.17 nM 
(S.D.=0.02 nM; n= 42). The value of 0.2 nM was the maximum allowed blank before starting a 
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series of analyses. The limit of detection, defined as three times the standard deviation of the 
lowest concentration observed, was 0.07 nM. The flow injection system was cleaned every day 
by rinsing with a 0.5 M HCl solution. 

The internal reference sample that was measured in triplicate every day was a sub-sample of a 
25 L volume of filtered seawater that was taken at the beginning of the cruise in the South East 
Atlantic Ocean. The relative standard deviation (i.e. the precision) of this replicate analysis 
seawater sample that was analysed 36 times on different days in triplicate was 3.16%. The 
relative standard deviation on single days was on average 1.5%. The average concentration of Al 
of this check sample was 3.56 nM and the deviation from this average for a given measuring day 
was used as a correction factor. To verify whether this correction was decreasing the inter-daily 
variability in the dataset, every day a sample which was collected and measured the previous 
measuring day, was analysed once again. The deviation between the concentrations measured on 
the different days decreased from 4.8% to 3.5%, indicating the data correction is beneficial.  

2.4. Analyses of dissolved Mn 
Analyses of dissolved Mn were performed on board using the method developed by Doi et al. 
(2004), modified to buffer the samples in-line with and ammonium borate sample after Aquilar-
Islas et al. (2006). Briefly this is a sensitive flow injection analysis method based on the 
chemiluminescence from the reaction between luminol and hydrogen peroxide which is catalysed 
by Mn. Samples were acidified to 0.024m HCL which results in a pH of ~1.8 (12 M Baseline 
Hydrochloric Acid, Seastar Chemicals Inc.) at least 6 h before analyses. Hereafter, they were 
buffered in-line to a pH of 8.5 ± 0.2 with 0.5 M ammonium borate sample buffer that was 
produced by dissolving 30.9 g of boric acid (Suprapure, Merck) in 1 L MQ water and adjusting 
the pH to 9.4 with ammonium hydroxide (Suprapure, Merck). Dissolved Mn in the buffered 
sample was preconcentrated during 200 seconds on a Toyopearl AF-Chelate-650M (TosoHaas, 
Germany) column. The Mn is eluted from the column with a carrier solution and subsequently 
mixes with an ammonium hydroxide and luminol solution (Doi et al., 2004) and passes a 3 m 
length mixing coil placed in a 25°C water bath. The chemiluminescence was detected with a 
Hamamatsu HC135 Photon counter. Concentrations of dissolved Mn were calculated in 
nanomol·L-1 (nM) from the photon emission peak height (see below).  

2.4.1 Calibration of dissolved Mn in the Atlantic and Arctic Oceans 
The system was calibrated using standard additions from a 5000 nM Mn stock solution (Fluka) to 
filtered acidified seawater with low concentrations of Mn that was collected in the region. A five-
points calibration line (0, 0.36, 0.73, 1.46 and 2.18 nM standard additions) and blank 
determination were made daily. The 3 lowest points (0, 0.36 and 0.73 nM) of the calibration line 
were measured in triplicate and the 2 highest points in duplicate to add more weight to the lower 
part of the calibration line. The blank was determined by measuring column-cleaned seawater. 
Latter was obtained by passing seawater over a Toyopearl AF-Chelate-650M and an 8-
hydroxyquinoline column which retained the dissolved Mn. The average blank value was 22 pM 
(S.D.= 6 pM, n=43). The limit of detection defined as three times the standard deviation of the 
blank was < 0.01 nM. The flow injection system was rinsed every day with a 0.5 M HCl solution.  

Also for Mn an internal reference sample was measured in triplicate every day in the Arctic 
Ocean. This standard was a sub-sample of the 25 L volume of filtered seawater that was taken at 
the beginning of the cruise in the Barents Sea. The relative standard deviation of the replicate 
analysis seawater sample that was analysed 22 times in triplicate on different days was 2.19%. 
The relative standard deviation of the triplicate measurements on the separate days was on 
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average 1.21 %. The average concentration of Mn of this standard was 1.0 nM and the deviation 
from this average for a given measuring day was used as a correction factor. To verify whether 
this correction was decreasing the inter-daily variability in the dataset, every day a sample which 
was collected and measured the previous measuring day, was analysed once again. The deviation 
between the concentrations measured on the different days decreased from 3.28% to 2.68%, 
indicating the data correction procedure is beneficial. 

2.4.2 Calibration of dissolved Mn in the Antarctic Ocean 
The system was also calibrated using standard additions from a 5000 nM Mn stock solution 
(Fluka) to filtered acidified seawater of low Mn concentration that was collected in the Antarctic 
Ocean. A five-points calibration line (0, 0.15, 0.36, 0.73 and 1.46 nM standard additions) and 
blank determination were made daily. The three lowest points (0, 0.15 and 0.36 nM) of the 
calibration line were measured in triplicate and the two highest points (0.73 and 1.46 nM) in 
duplicate to add more weight to the lower part of the calibration line. The blank was determined 
by measuring column-cleaned seawater. The average blank value was 20 pM (S.D.= 4 pM, 
n=42). The limit of detection defined as three times the standard deviation of the blank was < 
0.01 nM. The flow injection system was rinsed every day with a 0.5 M HCl solution. 

Also in the Antarctic an internal reference sample was measured in triplicate every day. This 
internal reference sample was a sub-sample of the 25 L volume of filtered seawater that was 
taken at the beginning of the cruise. The internal reference sample was analysed 40 times on 
different days and the relative standard deviation of the replicate analysis in triplicate was 3.2%. 
The relative standard deviation on the separate days was on average 1.3 %. The average 
concentration of Mn of this standard was 0.44 nM and the deviation from this average for a given 
measuring day was used as a correction factor. To verify whether this correction was decreasing 
the inter-daily variability in the dataset, every day a sample which was collected and measured 
the previous measuring day, was analysed once again. The deviation between the concentrations 
measured on the different days decreased from 3.5% to 2.5%, indicating the data correction 
procedure was beneficial. 

2.5. Outliers 
Suspected outliers were labelled as such based on three criteria. When for the sampled GO-FLO 
the nutrient data were anomalous for that depth, indicating closing at the wrong depth, the sample 
was marked as suspected outlier. In case the trace metal data (Al, Mn and Fe) were elevated for 
the same GO-FLO for more than one cast, indicating a contaminated GO-FLO sampler, the 
sample was also marked as a suspected outlier. The third criterion was when 1 data point of either 
Al or Mn gave anomalous result for its depth considering the data points at shallower and greater 
depths. These anomalous data points were identified by visually inspecting the vertical profiles 
for data points that would not fit in the profile shape. Subsequently, this data point was compared 
with the values of potential temperature, salinity, nutrients, Fe and Mn or Al to see if those 
showed a similar trend. If this was the case the data point was left in, if not the following test was 
applied; a linear regression was determined between the concentrations of Al below and above 
the suspect data point (2 above and 2 below if possible) versus depth. With the linear regression 
equation the ‘theoretical’ concentration was calculated for the depth with the anomalous 
concentration of Al or Mn. When this calculated value was more than 25% lower than the 
measured value, the latter measured value was marked as a suspected outlier and not further used 
in the calculations or graphs. 
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2.6. SAFe samples 
As external comparison the samples collected on the SAFe cruise (Johnson et al., 2007) were 
analysed for Al (Table 1) and Mn (Table 2). Results of Al for both SAFe Surface (S) of 1.69 ± 
0.04 nM (n=11) and SAFe deep (D2) of 1.01 ± 0.08 nM (n=18) from 1000 m water are in good 
agreement with the values found by Brown and Bruland (2008) of 1.67 ± 0.02 nM and 0.99 ± 
0.02 nM, respectively. Moreover, this is also in good agreement with the ‘consensus value’ 
(http://www.geotraces.org/Intercalibration) of 4 participating laboratories which are 1.74 ± 0.09 
nM for SAFe S and 1.04 ± 0.10 nM for SAFe D2. 

The concentrations of Mn found for SAFe S and SAFe D2 were 0.73 ± 0.01 nM (n=4) and 
0.32 ± 0.01 nM (n=40), respectively. These values agree with the values found by Mendez (pers. 
comm.) who uses an isotope dilution method with ICP-MS detection (Mendez et al, in press). 
This is slightly lower than the ‘consensus values’ of 11 participating laboratories which are 0.83 
± 0.08 nM and 0.37 ± 0.07 nM for S1 and D2 respectively. However, the standard deviations for 
the D2 overlap and the relatively large standard deviation is caused by 4 laboratories that reported 
values that were considerably higher (average 0.46 nM) than the remaining laboratories. When 
excluding these high values, 
the resulting average 
concentration of 0.32 ± 0.03 
nM matched the 
concentration here reported 
perfectly. When excluding 
the same laboratories also for 
the S1 SAFe standard 
(average 0.92 nM) the 
average concentration 
decreases to 0.77 ± 0.04 nM 
which is in range with the 
concentration here reported. 
Moreover, the analyses of 
Mn performed were very 
consistent and some very 
strong correlations were 
found between the 
concentrations of Mn and 
other independent parameters 
(see Chapters 5, 7, 8, 9 and 
11). 

Table 1 Results of analysis of 
Al (nM) for SAFe samples. 
Average concentration for 
SAFe S is 1.68 ± 0.04 nM 
(n=8) and 1.01 ± 0.08 nM 
(n=17) for SAFe D2. 
  

Date SAFE Sample Al (nM) Standard 
Deviation (nM) 

01/10/2008 Safe S     252 1.76 0.059 
02/10/2008 Safe S     252 1.75 0.049 
01/10/2008 Safe S     425 1.65 0.053 
01/10/2008 SAFe D2     3 1.01 0.052 
21/02/2008 SAFe S   426 1.59 0.030 
23/02/2008 SAFe S   426 1.69 0.005 
24/02/2008 SAFe S   426 1.66 0.025 
26/02/2008 SAFe D2 524 1.04 0.029 
27/02/2008 SAFe D2 524 1.02 0.025 
06/03/2008 SAFe D2 121 0.93 0.005 
07/03/2008 SAFe D2 121 0.99 0.007 
10/03/2008 SAFe S    247 1.70 0.063 
11/03/2008 SAFe S    247 1.73 0.054 
12/03/2008 SAFe S    247 1.71 0.033 
13/03/2008 SAFe S    247 1.67 0.049 
16/03/2008 SAFe D2    19 0.96 0.024 
18/03/2008 SAFe D2    19 1.01 0.032 
19/03/2008 SAFe D2    19 1.02 0.015 
22/03/2008 SAFe S     113 1.68 0.021 
24/03/2008 SAFe D2      7 1.07 0.029 
26/03/2008 SAFe D2      7 1.04 0.092 
28/03/2008 SAFe D2      7 1.13 0.033 
29/03/2008 SAFe D2      8 0.88 0.013 
02/04/2008 SAFe D2  416 0.99 0.067 
03/04/2008 SAFe D2  416 1.16 0.005 
05/04/2008 SAFe D2  416 1.03 0.026 
07/04/2008 SAFe D2  347 0.87 0.019 
08/04/2008 SAFe D2  347 1.06 0.050 
09/04/2008 SAFe D2  347 1.07 0.025 
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Table 2 results of analysis of 
Mn (nM) for SAFe samples. 
Average concentration for the 
SAFe D2 sample is 0.32 ± 
0.01 nM (n=40) and0.73 ± 
0.01 nM (n=4) for SAFe S. 

  

Date SAFe Sample Mn 
(nM) 

Standard 
Deviation (nM) 

01/10/2008 SAFe D2 342 0.30 0.002 
01/10/2008 SAFe D2 342 0.29 0.002 
01/10/2008 SAFe D2 531 0.29 0.002 
01/10/2008 SAFe S   809 0.74 0.009 
01/10/2008 SAFe S   252 0.73 0.009 
01/10/2008 SAFe S   252 0.72 0.004 
17/02/2008 SAFe S   426 0.73 0.004 
20/02/2008 SAFe D2 342 0.32 0.003 
21/02/2008 SAFe D2 342 0.32 0.004 
22/02/2008 SAFe D2 342 0.31 0.009 
23/02/2008 SAFe D2 406 0.31 0.010 
24/02/2008 SAFe D2 406 0.31 0.012 
25/02/2008 SAFe D2 406 0.31 0.003 
26/02/2008 SAFe D2 406 0.32 0.003 
27/02/2008 SAFe D2 406 0.32 0.014 
28/02/2008 SAFe D2 406 0.35 0.012 
29/02/2008 SAFe D2 406 0.33 0.007 
01/03/2008 SAFe D2 406 0.34 0.003 
06/03/2008 SAFe D2 524 0.32 0.003 
07/03/2008 SAFe D2 524 0.32 0.001 
10/03/2008 SAFe D2 524 0.33 0.006 
11/03/2008 SAFe D2 524 0.33 0.013 
12/03/2008 SAFe D2 524 0.33 0.005 
13/03/2008 SAFe D2 121 0.32 0.002 
14/03/2008 SAFe D2 121 0.33 0.003 
16/03/2008 SAFe D2 121 0.30 0.003 
18/03/2008 SAFe D2 121 0.32 0.006 
19/03/2008 SAFe D2 121 0.31 0.002 
20/03/2008 SAFe D2 273 0.30 0.006 
22/03/2008 SAFe D2 273 0.32 0.002 
24/03/2008 SAFe D2 273 0.32 0.005 
26/03/2008 SAFe D2 273 0.32 0.003 
28/03/2008 SAFe D2 273 0.32 0.003 
29/03/2008 SAFe D2 273 0.31 0.001 
02/04/2008 SAFe D2 273 0.30 0.001 
03/04/2008 SAFe D2     7 0.30 0.003 
06/04/2008 SAFe D2     7 0.30 0.011 
07/04/2008 SAFe D2     7 0.31 0.003 
08/04/2008 SAFe D2     7 0.30 0.003 
09/04/2008 SAFe D2     7 0.29 0.003 
11/04/2008 SAFe D2   19 0.29 0.003 
12/04/2008 SAFe D2   19 0.29 0.002 
13/04/2008 SAFe D2   19 0.32 0.004 
14/04/2008 SAFe D2    8 0.34 0.005 
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2.7. Additional analyses 
The salinity (conductivity), temperature and depth (pressure) were measured with a CTD 
(Seabird SBE 911+). On the polar expeditions two different CTD’s of the same type were used, 
one from the Netherlands Institute for Sea Research (NIOZ) (TM hydrocasts) and one from the 
Alfred Wegener Institute (AWI) (regular hydrocasts). Both had been calibrated before and after 
the expedition by the company (Seabird). Moreover, the conductivity sensors were calibrated 
during the expedition against salinity samples measured onboard.  

Inorganic major nutrients nitrate (NO3), nitrite (NO2), phosphate (PO4) and silicate (Si(OH)4, 
from here on Si) were determined following procedures after Grasshoff et al. (1983). This 
colorimetric method measures the dissolved, monomeric orthosilicic acid (Si(OH)4) and does not 
measure the polymeric, particulate or colloidal forms. Throughout this thesis the mentioned 
silicate concentration is the same as the elemental concentration of Si in seawater. In chapters 4 
and 6 some values of dissolved (0.2 µm filtered) Al will be compared with unfiltered values of 
silicate, where by previous shipboard comparisons of filtered and unfiltered values of silicate (K. 
Bakker, unpublished work) we are confident there is no discernible difference within the 
analytical accuracy of the silicate values. 

Our laboratory has in 2006 participated in an exercise for Reference Material of Nutrients in 
Seawater organized by the Meteorological Research Institute (MRI) of Japan (Aoyama et al., 
2008). Among 54 participating laboratories, the robust mean led to agreed average certified 
values and standard deviations, where our laboratory was the only one with all measured 
nutrients lying within a standard deviation of the agreed values. 

The samples for nutrients were stored in a refrigerator and analysed usually within 10 hours 
and always within 16 hours on a Technicon TrAAcs 800 autoanalyser. The reproducibility of an 
internal laboratory standard mixture of Si, PO4 and NOX (NOX=NO2+NO3) was measured daily 
and typically within 0.7 % of its average value. During the Arctic expedition the reproducibility 
was 0.4% at an average value of 13.5 µM (n=74) for Si specifically. Moreover, the deepest 
sample analysed of a station of 24 samples, was kept and re-analysed within the next run of the 
next station of 24 samples. The average absolute deviation between such duplicate analyses of the 
same sample yet measured twice in different runs was 0.131 µM for silicate at an average value 
of 8.17 µM (n=23). Due to this excellent agreement between two consecutive runs, no correction 
was needed for offsets between runs on the Atlantic and Arctic expedition. On the Antarctic 
expedition both the internal laboratory standard and the MRI standard were measured daily. The 
average standard deviation between runs of the MRI standard was 0.943 μM, 0.012 μM, 0.361 
μM and 0.006 μM for Si, PO4, NOX and NO2 respectively. After the a correction based on the 
deviation from our laboratory standard, the standard deviation of the MRI standard between runs 
decreased to 0.464 μM, 0.009 μM and 0.222 μM for Si, PO4 and NOX, respectively. Furthermore, 
the deepest sample analysed of a station of 24 samples, was also kept and re-analysed within the 
next run of the next station of 24 samples as another verification for variability between runs. 
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