Information for nutrient measurements made in Revelle surface underway uncontaminated seawater intake during SOFEX program.

Data stored in file Snmrgrvlall.nut; time is presented as decimal day-of-year, with the convention that 0000:00 on 1 Jan (GMT) has a value of 1.0000000…

Methods, superficially
Nutrients were measured on a Technicon AAII continuous flow analyzer adapted to sample continuously from a branch of the ship’s USW line supplied to the hydro lab aboard the RR Revelle.  Nitrate was measured by reducing nitrate to nitrite with a copperized cadmium column, followed by reaction of the nitrite with sulfanilamide and NEDA to form a colored complex whose concentration is proportional to absorbance at 520 nm.  Phosphate was measured by acidifying the sample stream to ca pH 1, and then reacting the resultant phosphoric with acid ammonium molybdate, forming a compound which was reduced with hydrazine to form a concentration whose concentration is proportional to absorbance at  880 nm.  Silicate was measured with a similar procedure, but pH was higher (ca 3), and a tartaric acid reagent was added to complex potential interferents (e.g. phosphate), and stannous chloride served as the reductant.

The system was calibrated with a two-point linear calibration, consisting of a natural low-nutrient seawater (LNSW) of known nutrient concentration collected from oligotrophic surface waters in the Indian Ocean, and a high standard consisting of LNSW spiked with known concentrations of nitrate, phosphate, and silicate.  Calibrations were run every two hours, and calibration functions were interpolated between sequential runs.

Data are presented as a single measurement every ten seconds; each such measurement is an average of ten measurements made every second.  No additional smoothing has been performed, although some is probably warranted.

Data have been synced with the shipboard data acquisition system by shifting the measurement time back from the time of sample draw from the USW line back in time by 3 minutes; this 3 minute shift was determined by pattern matching of the primary USW temperature time-series with that of the USW temperature time series in the hydro-lab.

Data from known periods of system failure (e.g. due to Cd column clogging; intermittent supply of USW during windy periods, SnCl2 deactivation,…) have been removed from the data set.  I welcome comment from other participants if other sections of data look bad—I’ll delve through the logs and data reduction procedures to see if there’s an explanation.  When data from all three channels is no good, nothing is written to the data file.  When one or two channels have bad data, a value of –999 is written to the file at the corresponding time.

The data acquisition software failed after day of year 37 (6 February), so no surface underway data was collected during the revisitation of the North Patch

The data file – Snmrgrvlall.nut —contains data from all three channels, and some of the data from the Revelle DAS that I thought might be of interest in the context of the nutrient data.

Results, briefly
Nitrate and phosphate, North Patch
At earliest occupation of the Nouth Patch, pre- and immediately post-fertilization, nitrate concentrations were about 21.3 µM and phosphate concentrations were about 1.45 µM.  Soon after fertilization, both N and P began to decrease, reaching values as low as 18.0 and 1.20, respectively, by day-of-year 18.  After this time, the concentrations start to stabilize until Revelle departed for South Patch.
There is some evidence of in-out variability shortly after fertilization, but it is very apparent by day-of-year 16.  It is either confounded or amplified, however, by a small temperature front that was apparently bounding the patch, as the N and P time-series are perfectly synchronized with the time-series of surface T.
Silicate, North Patch
Silicate is low throughout the occupation of the North Patch, with a mean value of about 2.5 µM, but with some variability.  This variability is difficult to interpret at present.

Nitrate and phosphate, South Patch
At earliest occupation of the South Patch, pre-fertilization, nitrate concentrations were about 27.6 µM and phosphate concentrations were about 1.85 µM. Soon after fertilization, both N and P began to decrease, reaching values as low as 26.4 and 1.72 µM, respectively, by day-of-year 28.  After this time, the concentrations start to stabilize and even increase, possibly because of wind mixing.

There is some evidence of in-out variability shortly after fertilization, but it is not consistently there until about day-of-year 28-29.
Silicate, South Patch
At earliest occupation of the South Patch, pre-fertilization silicate concentrations were about 65 µM.  Unlike N and P, Si did not show a decrease between then and 28 Jan.  

In-out variability in Si shows a temporal dependence similar to N and P’s.

Comparison to other measurements
All three measurements appear to be close to those circulated by other researchers, especially pre-fertilization North Patch and South Patch.  The nitrate measurements in Snmrgrvlall.nut appear to be a few tenths of a µM lower than the others; phosphate appears to be, if anything, a few hundredths µM higher.  Silicate, at 65 µM in the South Patch, may be as much as 0.5 - 1 µM higher there, but does not seem to be unequivocally 1 µM higher at the North Patch.

One feature that appears hard to reconcile with the discrete Revelle and Melville measurements is that of the decrease in both In and Out N and P following fertilization of the North Patch.  In-patch measurements of NO3 made on discrete samples taken on 15 and 18 Jan show little or no change, while the shipboard continuous measurements show a decrease of 3 µM over essentially the same time-period.  There is no quantitatively comparable increase in USW chlorophyll fluorescence or SST over this time frame, and therefore no obvious environmental explanation.  One piece of evidence that may or may not be related is that the USW oxygen decreases over the same time.  

There is a hint of a similar feature following fertilization of the South Patch; although in this instance the shipboard N data show a decrease over the same time period.  It is difficult to decide if this represents a discrepancy as the data in the North Patch may.

I can offer no analytical explanation for these decreases in time.  N and P decrease together (and in previously published Southern Ocean diatom N:P uptake ratio of 10), but Si does not decrease noticeably during the times of either of these decreases.  The temporal duration of these downward drifts is a few days, and therefore includes several standardization sequences.  What would be necessary to explain these features as analytical artifacts would be some problem that affected sample flow; however; sample for all three channels is drawn from the same USW line and through the same valve port, so such a scenario would necessarily affect Si at least as much as it does N and P.

Direct any questions to me at bhales@coas.oregonstate.edu
