Odd features in CTD versus bottle comparison from June/July 2012, CTD #0550

The same CTD system was used for 4 Vector cruises in June/July 2012. Problems have been noted for at least 2 and possibly all with major outliers in comparisons of CTD and bottle data above 25m. A fifth cruise was examined, 2012-71, which occurred in October 2012 in the same area as one of the July cruises.
2012-05: SoG/JdeF

Analysis promptly after collection

Possible problem with salinometer stability

Observations: There were 4 bottles from the top 10m, mostly in the northern part of the cruise, which had CTD salinity lower than the bottles by from 0.4 to 0.6. There is no obvious explanation for these outliers – high surface gradients lead to the opposite result, evaporation unlikely to be significant. There is a hint of higher fluorescence and lower transmissivity around 10m, at the base of a temperature gradients – so a likely area for biological accumulation.

2012-16 Baynes Sound - shallow

Salinity analysed >4 months after collection.
Possible problem with salinometer but no mention from analyst

There was a huge scatter in the comparison, with good explanations for both high and low outliers based on local gradients, and evaporation from the long wait for analysis. But 9 out of 10 samples from around 10db stand out with CTD salinity much lower than bottles. Five of them are lower by from -0.4 to -1. There are just 2 bottles shallower than those and 1 looks similar, the other not. Below 15m there are no such outliers. At least some casts show large temperature gradients at around 15m with high fluorescence and transmissivity going down a little. This could suggest biological accumulation.
One cast had bad data on the way up between 25 and 5db – secondary pump or plumbing obviously affected. There was only a 5m bottle for that cast and it looked low for both channels, but by that level the CTD upcast data appeared to have reverted to normal.
2012-57 SoG southern, mostly near Fraser River – only 2 casts below 2m
Salinity analysed 2.5 months after collection.

Possible problem with salinometer but no mention from analyst.

There were no duplicates but 2 samples were taken at each bottle stop. The differences between repeat bottles is largest at 15m at the more southerly cast (about 49°N) and the differences are higher down to 15m. For the cast north of Texada Island the differences are largest at 6m and drop steeply below that.
The largest differences between CTD and bottles was at 15m for the northerly cast. The large differences persist to 25m for both casts, but the difference is larger for the northern cast. 
There is a sharp temperature gradient at about 13m in the southern cast with an associated spike in transmissivity just below it. For the northern cast there is a more gradient temperature gradient and nothing particularly notable in the transmissivity.

Turbid samples reported near Fraser River but only 2m samples involved. 

Particles noted in 1 sample from 100m.

2012-58 WCVI inlets

Salinity analysed 2.25 months after collection.
Possible problem with salinometer but no mention from analyst

There was no shallow salinity sampling, but the 40m sample from one cast does look a little like the outliers from the earlier cruises. Both CTD salinity channels are lower than the sample by about 0.04. 
The sample was from close to the bottom and the CTD data are very messy, so this is likely just a poor match between bottle and CTD.

There is a sharp temperature gradient and drop in transmissivity at about 30m.

2012-71 SoG southern

Salinity analyzed within 24 days.

Analysis done after cleaning of Autosal.

The two CTD salinity channels are in close agreement. 

The CTD salinity is lower than the bottles; the differences vary depending on what data are included.

A plot of differences versus salinity show clear evidence of non-linearity though there are complications with some surface samples not fitting that pattern. Those are likely affected by near-surface salinity gradients being large enough that the vertical distance between CTD and bottle was significant, creating an error that would be in the opposite direction to the non-linearity error.

Particles were not noted by analysts for oxygen, salinity or nutrients.
Conclusions: There are several possible explanations for these odd outliers, but the evidence from multiple cruises may help narrow the possibilities.

Salinometer Instability – While the problems with stability noted during 2012-05 may have continued through all 4 cruises, they don’t seem to have caused much trouble in 2012-05 and there is no reason that it would only affect samples from above 25m. No stability problems were noted for 2012-71; that analysis was run after deep cleaning of the salinometer.
Salinometer Linearity – This could possibly explain having low values for the near-surface bottles. This is hard to distinguish from depth dependence without running standard bottle tests. The Autosal was thoroughly cleaned and serviced in the autumn of 2012 so any tests may not reveal anything about the status in July 2012. The fact that the 2012-58 differences are not as great as those from 2012-57 supports this notion since the salinity values were generally higher then, so any non-linearity would not be as severe. Arguing against that is that near-surface samples had smaller differences, but that might be due to the off-setting error caused by local gradients. 2012-71 supports this theory.
Contamination of bottles samples – It is possible that there were high concentrations of biota or other particles or oil. It seems unlikely that oil would have got as deep as 25m. How particles in samples would affect the analysis is unknown and the only report of particles was from 100m of 2012-57-0013. Some of the 2m samples near the Fraser River from 2012-12 were reported to be turbid. Whether particles too small to be noticed could be significant is unknown. There is no evidence of particles for 2012-71 and the obvious source of such particles, Fraser River outflow, should not be significant at this time of year.
Blocking of the CTD T/C duct. If there were heavy concentrations of biota or other particles, this could block the T/C duct. During 2012-16 the secondary channels looked very bad between 5 and 25db for 1 cast. There were no bottles in the affected pressure range, but above that at 5m the CTD was lower than bottles by about 0.7 for both channels. If the duct were just partially blocked then it could lead to poor CTD data, but it would be expected that the results would be minimized during stops and would likely lead to the CTD salinity reading higher than bottles during upcasts, not lower. This explanation seems unlikely to explain the 2012-71 results.
The most likely sources of trouble appear to be Autosal non-linearity.
