Nutrient Measurements 

Nutrient samples were collected from the Niskin bottles in acid-washed sample bottles after at least three seawater rinses.  Sample analysis typically began within 1 hour of sample collection after the samples had warmed to room temperature while kept in the dark.  Nutrients were analyzed with a continuous flow analyzer (CFA) using the standard and analysis protocols for the WOCE hydrographic program as set forth in the manual by L.I. Gordon, et al. 

Analytical Methods

3049 samples were taken at discrete depths and analyzed for phosphate (PO4− 3), nitrate (NO3−), nitrite (NO2−) and orthosilicic acid (H4SiO4).  Nitrite was determined by diazotizing the sample with sulfanilamide and coupling with N-1 naphthyl ethylenediamine dihydrochloride to form an azo dye.  The color produced is measured at 540 nm.  Samples for nitrate analysis were passed through a cadmium column, which reduced nitrate to nitrite, and the resulting nitrite concentration (i.e. the sum of nitrate + nitrite which is signified as N+N) was then determined as described above. Nitrate concentrations were determined from the difference of N+N and nitrite.  Phosphate was determined by reacting the sample with molybdic acid at a temperature of 55°C to form phosphomolybdic acid.  This complex was subsequently reduced with hydrazine, and the absorbance of the resulting phosphomolybdous acid was measured at 820 nm. Silicic acid was analyzed by reacting the sample with molybdate in an acidic solution to form molybdosilicic acid. The molybdosilicic acid was then reduced with SnCl2 to form molybdenum blue. The absorbance of the molybdenum blue was measured at 820 nm. 

A typical analytical run consisted of distilled water blanks, standard blanks, working standards, a standard from the previous run, a deep sample from the previous run, samples, replicates, working standards, and standard and distilled water blanks. Replicates were usually run for the 4-7 deepest Niskin bottles from each cast, plus any samples with questionable peaks. The standard deviation of the deep replicates was used to estimate the overall precision of the method which was <1% full scale. 

Table 1 Precision of Nutrient Measurements.
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Total number of replicates 849 887 891

0.006 0.1 0.1

Percent deviation* 0.36% 0.18% 0.36%

Average standard deviation (mM)

* for samples with PO4 concentrations >1 mM


Analytical precision and the measured nutrient content in deep water were similar to the Ajax cruise in 1983 as shown for Cape Basin (Figure 1).  Significant offsets in oxygen, nitrate and phosphate were observed compared to the 1993 Discovery cruise.  

Temperatures in the ship’s main laboratory fluctuated with temperatures ranging from 18.7°C to 25.5°C; however, temperatures were generally stable during an individual analytical run.  During the cruise, pump tubes were changed about 3 times per channel as needed.

Standardization

A mixed stock standard consisting of silicic acid, phosphate and nitrate was prepared by dissolving high purity standard materials (KNO3, KH2PO4 and Na2SiF6) in deionized water using a two step dilution for phosphate and nitrate. This standard was stored at room temperature. A nitrite stock standard was prepared about every 10 days by dissolving NaNO2 in distilled water, and this standard was stored in the refrigerator. Working standards were freshly made at each station by diluting the stock solutions in low nutrient seawater. Mixed standards were verified against commercial standards purchased from Ocean Scientific. 

Problems

Due to problems with the Alpkem 301 sampler, a Westco CS9000 sampler using 20 ml plastic sample bottles on Stations 3 to 9.  There was not enough volume in these sample bottles for sample reruns.  During these stations, there was algal build-up that went unnoticed in the sample lines that was coincident with increased variability in the analysis.  On Station 10, the Alpkem sampler was back in use, and all the sample lines were changed.  Thereafter, sample lines were rinsed with 10% HCl between runs.  

On Station 99, the nitrate peaks became very erratic.  Several stations were analyzed before it could be determined that the ship’s water was the source of the problem.  Several batches of Imidazole were made from various sources of water on the ship, but Cd column had very low efficiencies.  Instead of Imidazole, we used Low Nutrient Seawater as a buffer for Stations 101 to 104.  The column efficiency was not completely stable during these runs, so we reran about half of each cast and found the precision to be ~1.5%. To stabilize the column, we added 1 ml CuSO4 to 1200ml LNSW and beginning at Station 105.  For the remainder of the cruise, the column efficiency varied between ~80-100 percent (determined at the end of each run); however, the efficiency was stable for each individual run.  

Figures 1-6  Depth profiles of oxygen, nitrate, silicic acid and phosphate in deep water of Cape Basin for this cruise (red), the 1993 meridional Discovery cruise (green), and the 1983 Ajax cruise (blue).
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