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1.0 Overview
A total of 66 separate events occurred during the period of February 7, 2012 to February 20, 2012 on board CCGS John P. Tully.  117 Unique salinity samples were collected for 31 of these events with 11 samples being collected in duplicate.  Deep water salinity reference samples (DWR) were also collected at station P24 for use as a check on salinometer stability and as a check on the changes in salinity concentration over time in sample bottles.  Additionally, 30 Samples were collected at station P24 for a storage time experiment. Sample collection was performed by various individuals on board  
2.0 Sample Collection

2.1 Methods and Materials
Individual water samples were collected from Niskin bottles into clean 200 mL glass bottles immediately following a rosette cast.  Salinity bottles were used with a two cap system, silicone inserts, newly purchased, followed by a plastic screw cap.  Salinity bottles and silicone inserts were rinsed 3 times before filling to the shoulder of the bottle.  Samples were transferred to the temperature controlled lab post-cruise for storage until they were analyzed.  Room and sample temperature was maintained consistently between 22 and 23°C.
Additionally, deep water reference samples were collected in 2 x 20 L cube containers on 14 Feb 2012.  The samples were for use as a check on salinometer stability and to monitor any changes in salinity concentration over time in sample bottles. The two containers contained the following water:

Container 1

Samples #319 and #320

Cast 36

Station P24

Niskins 9 and 10

2000 m depth 

Container 2

Samples #321 and #322

Cast 36

Station P24

Niskins 11 and 12

2000 m depth 

The cube containers were brought back full and stored in the temperature controlled salinity lab for 9 days before being sub sampled.  Container 1 was sub-sampled into 48, clean 200 mL glass salinity bottles with new silicone inserts on 29 Feb 2012 (15 days after being collected) after being well mixed.  Container 2 was left full and will be sub-sampled when all container 1 samples have been used.  The idea being that any changes in salinity concentration in the cube container will be reflected in all samples at time of sub-sampling rather than each sample changing independently of each other.  Each sample bottle was rinsed 3 times as per normal sampling procedure for salinity sample collection.  DWR samples were also sealed with new silicone inserts and stored in the salinity lab for use in subsequent analyses.
Samples for a separate time storage experiment were also collected at P24 as part of the same cast as the DWR samples.  30 samples were collected on 14 Feb 2012 into 200 mL glass bottles from Niskin 8 at 2000 m immediately following the cast and labelled as #319.  The samples were also sealed with the new silicone inserts so the storage time should provide good evidence to their effectiveness relative to the nylon inserts supplied by Guildline/OSIL.  The goal is to analyze 5 of these samples per month for the following six months to assess changes in salinity and the increase in variability between samples.  Five samples were analyzed during this period in random order and at different points throughout the analysis.

2.2 Silicone Insert Observations
New silicone inserts were used for all samples collected during the cruise.  They were purchase new in late 2011.   Some observations to note about the new inserts are as follows:

· They are quite pliable and under even ideal sampling conditions, they can be difficult to insert fully into the bottle top.
· They can easily crush into the neck of the bottle, leaving the sample without a seal.
· They are easily pulled out of the bottle top.  This is a benefit come time for analysis since a tool to pry and potentially damage the inserts is no longer needed.  This also means that if screw caps are not tightened securely, any build of gas pressure inside the bottle can easily force the inserts out, leaving the sample without a seal.
· They seem to provide a good seal short-term.  All samples that had a good seal released gas pressure as the nylon inserts do.  This provides some confidence that they hold quite well but it is unknown whether or not the seal will last over weeks or months.   

· Three different styles of screw caps affect the silicone seal differently (Figure 1).  It is difficult to know, at this point, whether there will be any implications from these differences:
· The oldest style we have is a slightly shorter black cap that can be tightened excessively over the insert.  This may damage the insert lip and ruin the seal.

· The newer style black screw cap is slightly taller but bottoms out before it can be over-tightened.

· The newest style blue cap is taller still and bottoms out even sooner.  They still seem to provide a good seal.


Figure 1.  Relative height of three salinity caps in use at IOS
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1) Nylon insert   2) Silicone insert    3) Oldest style cap    4) Newer style cap  
5) Newest style cap  
3.0 Salinometer Calibration

Calibration of the salinometer took place before any analysis was performed.  The system had not been used for just over a month.  Calibration method is also outlined in the standard IOS protocol and follows the suggestions set by Guildline.  The first calibration occurred on 29 Feb 2012 using OSIL standard sea water batch #P149 with a K15 value of 0.99984 and a known salinity concentration of 34.9940.  The standby number of the salinometer pre calibration was 24+6000.  After several rinses with an opened bottle of standard, the conductivity cell was rinsed three times with the new standard and read.  The salinometer standardize button was adjusted from 5.74 to 5.68 in order to read exactly 2 x the K15 value of 1.99968.  An additional calibration reading was taken after the adjustment to confirm that it was adjusted properly.  The second reading verified the calibration.  As a secondary check on the calibration, the same batch of standard was analyzed as a sample.  The final salinity was calculated to be 34.9937.  This seemed to be very good, even after the two prior calibration measurements and rinses.  Only a small correction of -0.00002 was subsequently applied to samples as a result of the above calibration.  The standby number of the salinometer post calibration was 24+5994.

The second calibration occurred on 01 March 2012 as a result of the standby number shifting from 24+5994 to 24+5996 overnight.  After inspecting the system for any problems (by Scott and Hugh), it was determined that the cell most likely needed a thorough cleaning from it sitting idle for an extended period and from many samples being run through it in recent months.  The cleaning procedure using CLR and isopropanol was followed as per the method outlined by Doug Sieberg and Guildline.  Once cleaning was completed, the system required a new calibration using OSIL standard seawater batch #P150 with a K15 value of 0.99978 and a known salinity concentration of 34.991. The standby number of the salinometer pre calibration was 24+5996/7.  After several rinses with an opened bottle of standard, the conductivity cell was rinsed three times with the new standard and read.  The salinometer standardize button was adjusted from 5.68 to 5.62 in order to read exactly 2 x the K15 value of 1.99956.  An additional calibration reading was taken after the adjustment to confirm that it was adjusted properly.  The second reading agreed very well with the initial calibration.  As a secondary check on the calibration, the same batch of standard was analyzed as a sample.  The final salinity was calculated to be 34.9914.  No correction was applied to samples as a result of the above calibration.  The standby number of the salinometer post calibration was 24+5992.
The system remained stable throughout the remainder of the analysis period thus requiring no further calibrations.  As mentioned earlier, system stability was monitored regularly using the deep water reference samples.
4.0 Analysis Results
4.1 Sample Analysis

Samples were analyzed using the Water Properties Guildline salinometer Model 8400B (S/N: 68572).  The analysis method used is outlined in the standard IOS protocol.  Samples were left to sit on the bench top at least 24 hours in advance of being run in order to equilibrate them to lab and bench temperature. Samples were taken out of their cases and analyzed in random order.  Pooled standard deviation for the maximum range of 34.3712 to 34.6541 mL/L was 0.0006, k = 11 with 1 outlier removed.  
4.2 Deep Water Reference Analysis

The first 18, #319/320 DWR samples, were analyzed during the period of 29 Feb 2012 to 02 Mar 2012 (15-17 days after collection and 0-3 days after being sub-sampled).  Deep water references were analyzed approximately every 12 samples or so and at the beginning of each analysis day to confirm system stability and accuracy.  The results in Figure 2 show that over the three days they were run, the maximum range was 0.0008 psu.  This good agreement resulted in a standard deviation of only 0.0002 psu and a %CV of only 0.0006 psu.   System stability and the reproducibility of data were confirmed.
	Figure 2.  Deep Water Reference Results over a Three Day Analysis Period from 29 Feb 2012 to 02 Mar 2012
Cruise 2012-01    Station P24    Cast 36    Samples #20/321    Depth 2000 m

	Date Time
	Uncorrected Ratio
	Uncorrected Ratio StandDev
	Correction
	Adjusted Ratio
	Calculated Salinity
	Comments

	29-Feb-2012 11:36:08
	0.989265
	0.000003
	-0.000002
	0.989263
	34.5778
	

	29-Feb-2012 12:47:37
	0.989257
	0.000003
	-0.000002
	0.989255
	34.5775
	

	29-Feb-2012 13:05:09
	0.989254
	0.000002
	-0.000002
	0.989252
	34.5774
	

	29-Feb-2012 13:36:17
	0.989268
	0.000002
	-0.000002
	0.989266
	34.5779
	

	29-Feb-2012 14:13:46
	0.989262
	0.000004
	-0.000002
	0.989260
	34.5777
	

	1-Mar-2012 09:36:13
	0.989263
	0.000003
	-0.000002
	0.989261
	34.5777
	

	1-Mar-2012 13:27:07
	0.989264
	0.000005
	0.000000
	0.989264
	34.5778
	

	1-Mar-2012 14:04:20
	0.989255
	0.000005
	0.000000
	0.989255
	34.5775
	

	1-Mar-2012 14:40:49
	0.989259
	0.000005
	0.000000
	0.989259
	34.5776
	

	1-Mar-2012 16:07:24
	0.989266
	0.000005
	0.000000
	0.989266
	34.5779
	

	2-Mar-2012 09:16:00
	0.989272
	0.000005
	0.000000
	0.989272
	34.5782
	Sample cool. Flow rate not adjusted properly

	2-Mar-2012 09:19:36
	0.989270
	0.000004
	0.000000
	0.989270
	34.5781
	Sample cool. Flow rate not adjusted properly

	2-Mar-2012 09:29:09
	0.989259
	0.000003
	0.000000
	0.989259
	34.5777
	

	2-Mar-2012 10:53:14
	0.989259
	0.000006
	0.000000
	0.989259
	34.5777
	

	2-Mar-2012 11:24:54
	0.989258
	0.000005
	0.000000
	0.989258
	34.5776
	

	2-Mar-2012 13:21:29
	0.989265
	0.000004
	0.000000
	0.989265
	34.5779
	

	2-Mar-2012 13:53:34
	0.989262
	0.000004
	0.000000
	0.989262
	34.5778
	

	2-Mar-2012 14:33:07
	0.989265
	0.000006
	0.000000
	0.989265
	34.5779
	

	
	
	
	
	Mean
	34.5777
	

	
	
	
	
	Stdev
	0.0002
	

	
	
	
	
	Count
	18
	

	
	
	
	
	%CV
	0.0006
	


Additionally, five P24 storage time experiment samples were analyzed in random order during the same period.  The results can be found in Figure 3.  They were analyzed 15-16 days after collection immediately after the rosette cast.  Greater variability can be observed even from the DWR samples collected in the cube containers being sub-sampled the day off analysis.  The maximum range was 0.0045 psu, the standard deviation was 0.0008 psu and the %CV was 0.0022 psu.  The slightly poorer numbers overall may point to differences in sampling from a Niskin relative to a well mixed cube container and the fact that the sample bottles may be prone to higher degrees of inter-sample change in 15 days.  The mean of the values is also slightly higher even though the samples from the cube containers and sample bottles came from 2000 m.
	Figure 3. Deep Water Reference Results over a Three Day Analysis Period from 29 Feb 2012 to 02 Mar 2012
Cruise 2012-01    Station P24    Cast 36    Samples #319    

	Date Time
	Uncorrected Ratio
	Uncorrected Ratio StandDev
	Correction
	Adjusted Ratio
	Calculated Salinity
	Comments

	29-Feb-2012 13:21:26
	0.989254
	0.000004
	-0.000002
	0.989252
	34.5774
	

	1-Mar-2012 09:43:32
	0.989297
	0.000003
	-0.000002
	0.989295
	34.5791
	

	1-Mar-2012 13:35:18
	0.989296
	0.000003
	0.000000
	0.989296
	34.5791
	

	1-Mar-2012 14:10:08
	0.989273
	0.000005
	0.000000
	0.989273
	34.5782
	

	1-Mar-2012 14:34:20
	0.989264
	0.000003
	0.000000
	0.989264
	34.5778
	Sample too full

	
	
	
	
	Mean
	34.5783
	

	
	
	
	
	Stdev
	0.0008
	

	
	
	
	
	Count
	5
	

	
	
	
	
	%CV
	0.0022
	


Finally, and after approximately 6 months from collection, the last five of the 2011-26 P23 DWR samples were analyzed.  The results are shown in Figure 4.  The data show greater variability between samples with a range of 0.0140 psu and a standard deviation of 0.0055 psu in just five samples.  This likely reflects the different evaporation rates between sample bottles.  It should also be noted that these samples were sealed with the traditional nylon inserts supplied by Guildline.
	Figure 4.  Deep Water Reference Results over a Three Day Analysis Period from 29 Feb 2012 to 02 Mar 2012
Cruise 2011-26    Station P23    Cast 67    Samples #0

	Date Time
	Uncorrected Ratio
	Uncorrected Ratio StandDev
	Correction
	Adjusted Ratio
	Calculated Salinity
	Comments

	1-Mar-2012 09:39:59
	0.989967
	0.000005
	-0.000002
	0.989965
	34.6054
	

	1-Mar-2012 13:31:07
	0.989816
	0.000004
	0.000000
	0.989816
	34.5995
	

	1-Mar-2012 14:07:24
	0.989674
	0.000005
	0.000000
	0.989674
	34.5940
	

	1-Mar-2012 14:38:05
	0.989609
	0.000003
	0.000000
	0.989609
	34.5914
	

	1-Mar-2012 16:04:55
	0.989717
	0.000005
	0.000000
	0.989717
	34.5956
	

	
	
	
	
	Mean
	34.5972
	

	
	
	
	
	Stdev
	0.0055
	

	
	
	
	
	Count
	5
	

	
	
	
	
	%CV
	0.0158
	


5.0 Problems during Analysis
Most samples were in good condition with the exception of a few:

· #86 were taken in duplicate and were determined to be outliers by the Chauvenet criteria.  There was no evidence why they were bad.

· #145 was leaking due to an insert being crushed into the neck of the bottle.
· #241 was also leaking due to an insert being crushed into the neck of the bottle.

As described above, after the first day of calibration and analysis, the salinometer standby number shifted positively.  A thorough cleaning and recalibration resolved the problem.
Two of the P24 #320/321 DWR samples were taken directly from the cage without allowing them to acclimate to bench top temperature.  A reduction in flow rate may have helped produce better values.  Removing the two values made no difference to the mean and other statistics so they were left in place.

6.0 Recommendations

The rubber bung is beginning to crack and chip.  It would be appropriate to replace it before the next analysis.

New CLR and isopropanol should be purchased for cleaning the conductivity cell.
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