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1. Sample Collection

Samples were collected from all major stations (P4, P12, P16, P20, P26) for both DMS and SF6.  The only exception was the deep cast on P4 which was cancelled due to bad weather.  For this reason there is no SF6 data for Station P4.
1.1 DMS

Thirteen water samples from various depths (200m, 175m, 100m, 75m, 50m, 40m, 30m, 25m, 20m, 15m, 10m, 5m, surface) were collected at each station in 250mL ground glass stoppered bottles.    Samples were stored in the dark and removed one at a time before analysis.
1.2 SF6
A broad range of samples were collected from this cruise than from any previous cruise.  Fourteen depths (3000m, 2000m, 1000m, 800m, 600m, 400m, 300m, 200m, 150m, 100m, 75m, 50m, 25m, 5m) were collected to get a better representation of the depth of SF6 penetration.  Samples were collected in pre-cleaned, baked, 1L glass bottles with ground glass joints.  They were overfilled 2x the volume upon collection and the ground glass stopper was put on to minimize any headspace in the bottle.  The samples were stored in a dark, 4oC cooler and run within 5 days of collection.

2. Analysis
2.1 DMS
A sample was pre-filtered under gravity with GF/F filters prior to being loaded under vacuum into the 20mL calibration vessel.  From there it was transferred to the stripper and purged with UHP Nitrogen for 10 minutes at ~100mL/min.  The DMS was extracted from the water and absorbed onto a Tenax TA trap kept at -80oC.  The trap was subsequently desorbed at 100oC (with a dewar containing boiling water) onto a Chromasorb 330 column which eluted to a Flame Photometric Detector (FPD).  All samples were run immediately after being collected.
2.2 SF6

Samples were run on the SF6 discrete system by filling up the calibrated 350mL vessel with the sea water sample.  This was done under vacuum by replacing the glass stopper with a modified silicone one and pressurizing the sample bottle thereby forcing the water into the calibration vessel.  Care had to be taken so that pressure within the bottle did not force the stopper off the bottle during sample transfer as this would introduce bubbles and air into the calibration vessel and subsequently result in minute levels of SF6 to be detected at a depth where they normally would not be present (i.e. 2000m).  The sample was stripped for 10 minutes at 110mL/min with UHP Nitrogen and absorbed onto a Poropak QS 50/80 trap kept at -80oC.  Desorption was accomplished with a 100oC hot water bath onto a 2m and 120cm 60/50 Molecular Sieve 5A column and detection of SF6 was done with an electron capture detector.
3. Calibration
3.1 DMS
A four level calibration table was used for calculating the concentrations of DMS.  The standards were prepared in water and run under the same conditions as described above, for the samples.  Normally a continuing calibration standard is run after all samples from a station have been run or every 12 hours, which ever comes first,  to ensure the calibration curve is still within acceptable limits.
3.2 SF6

A four point calibration was performed by injecting 250uL and 1000uL volumes of  a 307ppt and a 2910 ppt SF6 standard onto the -80oC cold trap.  The standards were desorbed and analyzed as explained above for samples.  A 1000uL, 307 ppt continuing calibration injection was done every day at the start of the analysis to ensure the calibration curve was still valid and within the acceptable guidelines.  

4. Quality Control
4.1 DMS
System blanks and duplicates were run approximately every 13 samples to ensure the system remained free of contamination and had acceptable reproducibility.  All blanks were non-detectable and duplicates did not differ by more than 7% (well within the acceptable limits of 20%).  Stripping efficiency was evaluated at the beginning of the cruise and was proven to be acceptable at over 95%.
4.2 SF6
System blanks, sample blanks and duplicates were run every 14 samples to ensure the system was in compliance.  System blanks were all non-detectable and all duplicates differed by less than 5%.  Sample blanks, however, did yield low level SF6.  The “sample blank” was actually a deep water sample (deeper than 1000m) known to not have any detectable SF6 (based on historical data).  For this reason one has to conclude that the low levels detected in the “blanks” were actually contamination and not valid hits.  Various adjustments were made to the system to try and obtain a clean sample but the problem persisted for the entire cruise.  It is possible that minute bubbles created during the loading of the calibration vessel caused the problem but this was unable to be tested as there was no equipment on board to make changes to the system for an alternate sample introduction system.    Finally, the stripping efficiency was evaluated at the beginning of the cruise and found to be at over 90%.
5. Data & Results
5.1 DMS

Only station P26 contained results that were unusual.  For the first time ever there was detectable DMS at 200m.  One could question the data as contamination, however, similar levels were also detected at the 175m, 100m and 75m levels; all levels that have historically yielded no detectable DMS.  Although there has been contamination at the deep levels before, never has the contamination been as consistent as exhibited during the cast.  Furthermore, the phenomenon was witnessed during the mid-day diurnal cycle.  That is, no such contamination was noticed in the cast before (morning) or the one after (evening).  One would expect such contamination to re-appear seeing that no changes were made to the sampling procedure or to the system before or after the midday cast.  The results are left open for interpretation.
5.2 SF6

Low level contamination was a problem throughout the cruise and it was difficult to diagnose.  Water samples between 3000-1000m had detectable levels of SF6 at around 0.1 fmol/L and this is very unlikely a true representation and more likely due to very small amounts of SF6 getting either into the water sample through an air bubble or the system through a contaminated line.  Care was taken when loading the sample into the calibration vessel but it was very difficult to fully load a sample without at least one bubble getting in during the valve switching.  Previous work with SF6 has shown that this single bubble could indeed cause the low level of SF6 contamination detected on the deep water samples.  Unfortunately, because this method looks at back-ground levels of SF6 it is difficult to determine where in the water column the contamination begins and the true representation begins.  Furthermore, because this was the first cruise where depths for analysis were taken from 100-3000m there is no historical data to look to for reference.  The best guess is that SF6 goes down as far as 200m but beyond that there is no SF6.  Numbers shown on the data below 200m are likely influenced by the above mentioned contamination whereas the numbers above 200m can be considered valid and proven by previous data sets.
6. Conclusions

6.1 DMS

Except for the detectable DMS on deep depths for the one cast, the analysis was successful.  There were no issues of sensitivity as in previous cruises as every station had relatively high levels detectable DMS.  
  
6.2 SF6
Work will have to be done in the lab to determine where exactly the contamination, explained above, originated from.  It is entirely possible that the vacuum method of introducing the sample into the calibration vessel is the root of the problem due to minute bubble creation.  If this is the case one would have to move back to a syringe method of injection which is very expensive and time consuming.  Beyond that, the analysis was a success and the instruments performed well.
