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OVERVIEW

Dissolved oxygen concentrations were measured on board the CCGS Louis S. St-Laurent (LSSL) from September 17th to October 15, 2009 during the JOIS mission in the Canada Basin. A total of 1176 samples (981 + replicates) were collected from 47 rosette casts in the Canada Basin and the Beaufort Slope along a cruise track starting and ending in Kugluktuk, Nunavut. Oxygen concentrations during the survey ranged from 6.013-9.248 ml/l with greater than 10% of samples analyzed in at least duplicate with one triplicate sample per cast. An additional 57 samples were collected from the underway seawater loop for calibrating the O2 optode of the underway gas tension device (GTD). The pooled standard deviation for replicate samples was 0.007 after the removal of 1 outlier based on Chauvenet’s criterion. The mean deep water (>3000 m) DO value in the Canada Basin was 6.541 +/- 0.005 ml/l, which is 0.02-0.03 ml/l lower than that measured in the last 4 years. All samples were analyzed with the recently acquired SIO Winkler oxygen titration kits.
REAGENT PREPARATION

All chemicals were prepared in soap and acid-washed glassware according to the protocols outlined in the SIO Oxygen Titration Manual Vers: 10-Apr-2003. The majority of the reagents and standards were prepared at IOS in May/June 2009. Some reagents from 2008 (MnCl2, NaI/NaOH) that were left onboard the LSSL were also used during the cruise and found to have satisfactorily low blanks. Potassium iodate standards and sodium thiosulfate were made fresh prior to the cruise. Reagents and thiosulfate were made in 2 or 4L batches whereas standards were prepared in 2000 ml Class “A” volumetric flasks. All reagents and standards were prepared as noted in detail in the 2008-02 oxygen report with the following exceptions 1) all alkaline iodide batches were made with new Fisher sodium iodide stock and were unfiltered; all batches were tested pre-cruise for high blanks; 2) the concentration of sulphuric acid was increased to 35% from 28% (consistent with the concentration used by Water Properties), to ensure complete precipitate dissolution given the high dissolved oxygen values typically encountered in the Arctic. 

Potassium iodate standards were made from two different chemical stocks. Three batches (#0901, #0902, and #0903) were made from last year’s Anachemia stock (#200716) that had been pre-weighed into individual plastic vials in May 2008 and stored in the desiccator during the year. Three additional batches (#0904, #0905, and #0906) were made from newly received WAKO stock (#EWQ5825) that had been baked at 105°C for 6 hours in April 2009 and stored in the desiccator before individual aliquots for 2L batches (0.84-0.88g) were weighed out into small acid-cleaned plastic vials in May 2009. Standards were prepared according to the protocol outlined in the 2008-02 report and dispensed into new acid-cleaned 1L amber Pyrex bottles with wide-mouth openings that are used directly as dispensing bottles on the dosimat. The standard normality was calculated with the SIO program io3norm.exe using the solution temperature, flask volume and weight of standard added.
EQUIPMENT CALIBRATIONS 
Bottle Top Dispensers: All bottle top dispensers were gravimetrically calibrated to dispense 1.00 ml at IOS prior to shipping and were checked periodically during the cruise by dispensing 5 or 10 ml aliquots into a 10 ml graduated cylinder.
Oxygen Flasks: Arctic oxygen flasks used in previous years all had IDs >2000 and were permanently swapped prior to the cruise with flasks from Water Properties with IDs <2000 so that they would be accepted in the SIO flask file format. New flask files were generated with the SIO program O2wt2vol.exe using the first of 3 wet and dry weighings from the latest flask calibrations performed by Bernard Minkley in December 2008 and loaded onto the data loggers for both kits. Several flasks which either had chips in their stoppers or had large volume changes from their previous values were spot-check calibrated by Nina Nemcek at IOS in June 2009 and found to be in agreement with Bernard’s most recent values.
10 ml Exchange Units: Four newly acquired 10 ml exchange units (2 per kit) were calibrated prior to the cruise to determine exact volume delivered at 20°C. They were numbered 1-4 and labeled either “A” or “B” according to the kit that they belonged to. The 6 665 Dosimat bases were also numbered 1-6 and labeled either “A” or “B”. Both 10 ml exchange units from each kit were calibrated with all 3 dosimat bases (KIO3, THIO and 1 spare) from the same kit. The kit configuration for all legs during 2009 was with the primary dosimats and exchange units in place for both the standard and the thio. The 1 ml thio exchange unit was swapped out for the spare on Oct 4th and used from this point onward.
	KIT "A"
	Burette volumes at 20C
	 

	 
	 
	DOSIMAT
	 

	exchange unit
	4 (KIO3 1º)
	5 (THIO 1º)
	6 (spare)

	 
	 
	 
	 

	3 (1º)
	10.0005
	10.0006
	9.9943

	 
	 
	 
	 

	4 (spare)
	9.9838
	9.9842
	9.9801

	 
	
	
	

	
	
	
	

	KIT "B"
	Burette volumes at 20C
	 

	 
	 
	DOSIMAT
	 

	exchange unit
	1 (KIO3 1º)
	2 (THIO 1º)
	3 (spare)

	 
	 
	 
	 

	1 (1º)
	9.9912
	9.9924
	9.9897

	 
	 
	 
	 

	2 (spare)
	9.9908
	9.9927
	9.9893


Table 1: 10 ml burette volumes @ 20°C for all exchange units by kit.
All burettes were dissembled, cleaned in hot soapy solution and all pistons re-greased before assembly. The delivery rate (dV/dT) was set to 4 and calibrations were performed with microburette tips attached. For each calibration, ten 10 ml aliquots of deionized water were dispensed into a clean oxygen flask and each weight was recorded. The mean weight of the 10 aliquots was used along with the temperature of the water to determine the exact volume dispensed at 20°C using the SIO program glasscal.exe (Table 1).
\OXYGEN SAMPLING PROCEDURES

Samples were collected in ~140 ml calibrated ground glass stoppered Erlenmeyer flasks. Oxygen sampling was conducted by Jeffrey Charters between 0000-0800, by Nina Nemcek between 0800-2000 and by Glenn Cooper and Hugh Maclean between 2000-2400. Seawater temperatures at time of sampling were measured with a Fisher Scientific digital probe thermometer potted into one arm of a y-connector with sampling tubing attached to the other two arms (one to the Niskin spigot and one into flask). The thermometer display attached to the Niskin bottle via a suction cup so that is was easily readable during sample collection. The response was not rapid enough to record accurate temperatures for Niskin 1 which generally had positive draw temperature readings despite the sub-zero seawater temps. Once equilibrated, the readings were generally lower than in situ temps in the deep water before reversing and reading higher than in situ temps in the upper water column (~500m). Depth profiles showing the comparison of draw temperature readings vs. in situ CTD temperatures for each station are plotted on the 2009-20 OXY spreadsheet under the “CTD comparison” tab. 
There were a number of problems with bubbles being introduced to the samples via the bottle-top dispensers despite dispensers always being primed prior to sampling. This was likely caused by the temperature difference between the ice cold samples and the room temperature reagents. Samples with bubbles were always redrawn but it was noted that when samples were redrawn into the original flask, they had higher values than replicates, presumably because precipitate from the original samples was not adequately rinsed out prior to redrawing. Once this was discovered, any samples with bubbles added during pickling were kept and a replicate sample was redrawn into a new flask for comparison, these values are all entered with comments noted in the 2009-20 OXY spreadsheet. Samples were reshaken after initial settling (~20-30 minutes later), water-sealed and allowed to settle again before being moved to the oxygen lab to ensure that if any expansion occurred no precipitate would be lost from the sample. 
Sample Storage: All samples were stored at ambient temperature in either the rosette shack or oxygen lab with a water seal on the neck and were analyzed between 30 minutes and 32 hours after collection. Occasionally tiny bubbles would appear in some samples after storage (most likely nitrogen offgassing), but these did not seem to affect the final DO value or reproducibility of replicates (unlike during 2009-21). It was noticed that the floor of the oxygen lab where the samples were stored was ~10 ºC cooler than the ambient lab temp (~22 ºC) and samples were still cold to the touch at time of analysis. Triplicates were run at the same time as the other two reps unlike in previous years as this was deemed more valuable statistically, and samples have been shown to be stored successfully for up to a week (see 2008-02 OXY report). 
SAMPLE ANALYSIS

SIO Oxygen Titration System:


All samples were analyzed on a Winkler-based titration kit purchased this year from SIO. The system differs in three major ways from the ones previously used at IOS: 

1. Instead of a colorimeter probe that is inserted into the sample, the SIO system uses a UV light source that shines through the flask and is detected on the other side with a photodiode detector. Endpoint detection is based on the strong absorbance of UV light at 365 nm by the tri-iodide ion consumed during the titration. The progress of the titration is monitored as a voltage output from the detector, increasing from 0 V at the start of the titration (when all UV light @ 365 nm is being absorbed by I3-) to ~2.3-2.6 V at the endpoint (when all the I3- is consumed). A LabView based software (LVO2) developed by SIO is used to control and plot the titration.

2. Aside from the dosimat used to dispense the thiosulfate, the SIO system employs a second dosimat to accurately dispense the KIO3 standard, thereby minimizing pipetting error and improving system accuracy.

3. The SIO system uses 2 PRT temperature sensors attached to the glass burette of the dosimats (and insulated from the room) to constantly monitor the temperatures of the thiosulfate and KIO3 solutions, which obviates the need to run the system in a temperature controlled lab.  

System Components: 
1. System controller laptop with a USB to RS232 converter (KEYSPAN)

2. 2 Brinkmann 665 dosimats, one with a handheld keyboard and a 10ml calibrated burette for the KIO3 standard, and the other with a software-controlled 1ml burette for thiosulfate.
3. Spectronics pencil lamp UV source with mount and power supply

4. UV100BQ photodiode detector equipped with a 365 nm filter

5. VWR mini stirrer with a water bath sample holder mounted on top  
6. 2 Platinum Resistance Thermometers (PRT) to monitor solution temperatures

7. An A2D converter to convert voltages from the detector and the 2 PRTs to a digital signal.

Preparation for Analysis: Prior to analysis each day, the UV light source and stirplate were turned on and allowed to warm up and stabilize for 15-20 minutes. The water bath which holds the sample was drained, cleaned and refilled with fresh water to ensure good light transmission. The dosimat lines leading from the thiosulfate and KIO3 bottles were checked thoroughly for bubbles and these were purged as needed. The bottle top dispensers on the 3 reagents were flushed as were the dosimat burettes. Stirring was optimized to ensure rapid mixing without drawing bubbles into the light path.
Blanks and Standards: Blanks and standards were run daily just prior to the sample runs. A dedicated dosimat was used to accurately dispense either 1.00 ml (blanks) or 10.00 ml (standards) of KIO3. Blanks and standards were made up in Nanopure water either brought from IOS in carboys or produced on board. The resistivity of the water and all reagent changes were noted. Blanks and standards were run in sets of 4 with the criteria that 3 out of 4 had to agree to within 0.0003 (blank value or THIO titer in ml). Generally this was easy to achieve; only occasionally did an additional set of standards or blanks need to be run because of bubbles in the dosimat lines or problems with the titration or standard preparation. Ship vibrations due to ice-breaking seemed to be the primary cause of poor blank replication. The temperature of both the standard and the thiosulfate were recorded by the program and used to correct the delivered mass of both reagents to 20°C in order to calculate the thiosulfate normality. 
Analytical Procedure: Following standardization, the sample run was started and a dummy sample from the underway loop was always run first. Sample flasks were inspected for bubbles, the water was removed from atop the stopper, 1.0 ml of sulfuric acid and a stirbar were added to the flask which was then placed inside the water bath. The thiosulfate burette was inserted into the flask and the titration begun. The titration would proceed with the voltage displayed on the screen, however only the final portion of the titration curve between 1.5-2.8V was plotted (with the endpoint generally occurring between 2.3-2.6V). The two options at the end of every sample run were either “FINISH SAMPLE”, which displays the DO value and resets the thiosulfate burette, or “OVER-TITRATE” which lets one salvage a bad titration curve (or an over-shot endpoint) by adding 1.0 ml of KIO3 standard and re-titrating the sample. The amount of thiosulfate needed to titrate 1.0 ml of KIO3 is then subtracted by the software from the final titer. After every sample, the DO value was noted on the cast logsheet. All endpoints were inspected for accuracy and recalculated if necessary by the O2CHECK function of the LVO2 software. At the end of each sample set the software produced a *.LST file and an extension-less “noname” file with the titration parameters.  The noname file allows one to edit all titration parameters such as temperature, thiosulfate titer, normality, flask ID etc. in order to recalculate a new DO value with the HYDOX program. 
ISSUES DURING ANALYSIS 
Overshot Endpoints: There were no problems with overshot endpoints like those experienced on Kit B on the SWL during 2009-06. It was noted that the third shift changing voltage on this kit (A) was set at 1.5V whereas on the SWL (Kit B) it was 1.6V. The higher voltage would not allow the titration to slow in time leading to the overshot endpoints. The OT function was used on a number of occasions when either the titration curve had errant points near the endpoint, or would continue past the endpoint due to unstable detector signal. In all cases the OT worked well despite the 1.2 ml/min initial dosing rate. It thus appears that the value of the third shift changing voltage is critical in sufficiently slowing the titration prior to the endpoint.
Stalled Thiosulfate Burette: As occurred last year on random high DO samples with titers greater than 1ml, the thiosulfate burette stalled after dispensing 1.0 ml and the titration did not continue. This seemed to happen more often than last year but was easily resolvable by clicking the newly added “KICK” function. On occasion the burette would refill in the middle of plotting the titration curve at which point a message appeared saying “Advise Over-Titrate: Add 1 ml KIO3 and click OK”, this was done and a new curve was plotted. Although the KICK function worked well, refilling the burette increases sample analysis time and potentially decreases accuracy. Thus it is recommended that the thiosulfate concentration be increased to 60 g/L for upcoming cruises on the LSSL as these Atlantic/Arctic surveys are always in waters with relatively high DO. 
No Dosimat Display: As noted in the 2009-19/21 report, the Thio dosimat occasionally failed to display the volume dispensed until after titration curve plotting began at 1.6V, after that it displayed normally and presumably accurately, with no ill effects on the final DO value. 

Offscale Titration Curve: Several times the titration curve was not plotted because the X axis range (volume of Thio dispensed) on the software display was incorrectly set. A point would appear at 1.0 ml and 1.6V on the titration plot despite the fact that the dosimat had dispensed well under 1ml volume. This occurred seemingly randomly on both standard and sample runs and did not appear to affect the final endpoint calculation. However, because the curve was not displayed it made it difficult to judge the accuracy of the endpoint even in post-processing using the O2check function. Thus it is recommended that in the case of an “offscale” curve an OT be performed so that the endpoint determination can be evaluated for accuracy.
RESULTS
Precision: Of the 981 unique samples collected during the course of this survey, 152 were collected in duplicate and 43 in triplicate. Of the replicated samples, the first replicate was always chosen as the Final DO value, except when a problem was noted with it during analysis (i.e. sample redrawn due to bubble addition during pickling). The precision of the dissolved oxygen measurements was excellent with a pooled standard deviation of 0.007 after the removal of one outlier (0.005 when determined using duplicates only as in previous years). This is considerably lower than that obtained last year during the JOIS cruise (2008-30) when the Sp was 0.030. All other factors being equal (SIO titrator used in both cases, same Niskin firing method), the lower Sp observed this year likely results from more careful sampling. 
Thiosulfate Normalities and Deep Water DO: As this cruise represented the third leg of the 2009 science expedition on the LSSL, with a common bottle of sodium thiosulfate used for all three, it is more valuable to visualize thiosulfate normalities for the entire 3 month period than just for the present leg. Daily thiosulfate normalities and blank values measured over the course of cruises 2009-19 (C3O), 2009-21 (UNCLOS) and the present cruise 2009-20 (JOIS) are plotted below in Figure 1a. A blow-up of the thiosulfate normalities measured during the present cruise is shown in Figure 1b.
A single bottle of thiosulfate (Batch #0903) was used for the entire duration of cruises 2009-19 and 2009-21. A single batch of standard was also used throughout (Batch #0905) with a switch to a fresh bottle on Aug 4, so not surprisingly the thiosulfate normality remained very stable during this period with a range of 0.00049N, within the limits of acceptable day-to-day variability (<0.0005 N). On Sept 18th when the current leg began, a set of blanks and standards were run with the above batches and the normality from the last standardization on Sept 12th was reconfirmed. However, upon changing to a new batch of standard that same day (Batch #0902), the normality jumped by 0.00062 N. The new higher thiosulfate normality was reconfirmed over the next two days with two other batches of standard (#0903, #0904), and confirmed to decrease when KIO​3 batch #0905 was reintroduced (Sept 19th; Figure 1b). This pattern indicated a clear problem with standard batch #0905 which must have had a higher actual normality than assigned. Further evidence indicating inaccuracy in this standard came from the deep water (>3000 m) DO values obtained during 2009-21 which were lower than expected based on the last few years (2004-2008) of historical data (6.54 ml/l vs. 6.56-6.58 ml/l). 
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Figure 1a: Thiosulfate normalities (filled diamonds) and blank values (blank squares) measured between July-Oct 2009 during cruises 2009-19 (Jul 20-Aug 4), 2009-21 (Aug 4-Sept 12), and 2009-20 (Sept 18-Oct 14).  
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Figure 1b: Thiosulfate normalities and blank values measured during 2009-20.

 A new KIO3 normality for batch #0905 was calculated using the mean normality of the original bottle of thio determined with the 3 good standards after Sept 18th (0.22412 N), and the mean standard titer (0.54808 ml), blank value (0.00062 ml) and standard volume at 20 ºC (9.99294 ml) measured with Batch #0905 during 2009-21 according to the equation:


KIO3 N = THIO N * (titer-blank)/ KIO3 vol.@20C
This new KIO3 normality (0.012278 N) was then used to recalculate the thiosulfate normalities for legs 2009-19 and 2009-21 as shown below in Figure 1c. The oxygen values for 2009-21 were then recalculated with this new thio normality and the deep water DO values in the Canada Basin increased to 6.563 +/- 0.006 ml/l. 
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Figure 1c: Recalculated thio normalities for thio batch #0903 bottle # 22 for all standardizations run with KIO3 batch #0905 (green diamonds)
Since the other 3 standard batches (#0902, #0903, #0904) were in excellent agreement (to within 0.0001 N measured thio N) and came from both stocks of KIO3 (Anachemia, WAKO), the problem with Batch #0905 is an isolated incident and not the result of differences in the purity of the standard stock. Standard batch #0902 was used from Sept 20th onward. On Sept 21st and 22nd, the observed drops in thiosulfate normality resulted from switching to new bottles of thio, although this drop was unexpected as both bottles were from the same 4L batch as the original (#0903). Whatever the cause of the inter-bottle discrepancy, it is deemed to be real, since the accuracy of the remaining good standards had been confirmed in the above intercomparison. 
Surprisingly however, the deep water DO values did not increase to 6.56 ml/l once the good standard was in use as the recalculated 2009-21 values had, but stayed at 6.54 ml/l as originally measured with batch #0905 prior to the correction. This was a completely baffling result and a multitude of further tests were carried out to determine the cause of the offset. To completely rule out any potential problem with thio batch #0903 because of the intra-batch discrepancies, 4 replicate deep water samples were taken at 3100 m at Stn A (#192). Of these 4, 2 were run with batch #0903 and 2 with a new thio batch (#0902) with an even lower normality on Sept 25th (Figure 1b). Both sets of reps were found to be in excellent agreement (6.535, 6.532 ml/l on batch #0903 and 6.536, 6.537 ml/l on Batch #0902). The same test was carried out on Oct 4th with one set of replicates run with the bottle of thio that had been in place since Sept 26th and the other on the remnants of the original bottle of thio used during 2009-21. Although the normality of the latter had increased due to concentration of a small volume with a large headspace, the measured deep water value obtained with this thio was constant at 6.54 ml/l (CB9 Sample #590). This result is expected since whatever the cause of intra-batch discrepancies in the thio (non-homogenous solution, contamination in a particular bottle, concentration due to large headspace) standardization is performed exactly for this reason and compensates for any such variability. 
On Oct 1st, standard Batch #0905 was reintroduced to further confirm a drop in thiosulfate normality and on Oct 4th the 1 ml thiosulfate exchange unit was changed. This resulted in an unexpected drop in thiosulfate normality but the deep water value remained unchanged. In hindsight, this drop makes sense when we consider that each exchange unit is known to dose differently, hence the need for calibrating the 10 ml KIO3 burettes (see Table 1). Since the titration of the standard and the titration of the sample is performed with a single exchange unit, we do not need to know its exact dosing as long as it remains constant over time. This is an important observation as measured normalities for different bottles of the same batch of thiosulfate should not be expected to be the same when run on different kits with different dosimat and exchange unit configurations. 
Bottle-top dispenser calibrations were also checked by pumping 10 ml aliquots into a 10 ml graduated cylinder. Small adjustments were made as needed but calculations show that the total volume would have to be off by 0.4 ml to have the observed 0.02 ml/l effect on the deep water DO value. Additionally, dissolved oxygen concentrations were manually calculated in Excel using the Culberson et al. (1991) WOCE equation to ensure there wasn’t a glitch in the way the software was calculating the values. The offset was unrelated to reagent changes since the same bottles of reagents were used during 2009-21 and after the offset was observed during the present cruise. One or more reagents were changed on the following dates with no major effects on the thio normality: Sept 3, Sept 26, Oct 1, Oct 3, and Oct 11. The range of blank values observed (<0.001) would have a very small impact on the measured thiosulfate normality or the calculated DO value; the largest single day change in blank value occurred on Oct 11th with only a minor impact on the thio normality (Fig. 1b). For a complete record of all reagent change and standardization info see the 2009-20 OXY spreadsheet “THIO N” tab. 
It is interesting to note however that the blank values typically seen with the AutoOXY IOS oxygen program are almost an order of magnitude higher than those seen with the SIO LVO2 kits. This is likely the result of coarser thiosulfate dosing but a 0.004 ml typical IOS blank value compared to a 0.0004 ml typical SIO blank value will increase the measured DO value by ~0.01 ml/l (assuming the standard titer did not also increase by this blank amount, which it should). A further complication is that the blank value which is subtracted from the sample titer is not truly representative of the seawater blank because it is in a different matrix. Blanks are run in Milli-Q water for consistency but the actual seawater blank is known to vary with location and depth. To get a sense of the magnitude of the real seawater blank in the Canada Basin, a test was done towards the end of the cruise where blanks were run with water collected near the surface (~5 m) and at depth (>3000 m). The regular Milli-Q blank value measured that day was 0.0004 compared to a surface seawater blank of 0.0011 and a deep seawater blank ~6 times greater at 0.0026. Using the actual deep seawater blank reduces a 6.545 ml/l concentration to 6.527 ml/l. This calculation of the “true” deep water DO value incorporating the actual seawater blank (likely naturally occurring iodate) is only an exercise however, and does not change the DO values which are always calculated with Milli-Q water for consistency between years and between institutes.
CONCLUSIONS:

None of the tests conducted with the different thio/standard batches could explain the deep water offset in the data from the two adjacent legs (2009-21 and 2009-20) this year. Nor do they account for the deep water offset observed between the present cruise and historical deep water values in the Canada Basin (see Figure 2). 
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Figure 2: Comparison of deep water (>3000 m) DO values between 2008 and 2009 and adjacent legs in 2009 in the Canada Basin.
There is no question that the precision of the oxygen data has improved dramatically with the use of SIO oxygen system and the data collected this year (Sp = 0.005 for 2009-21 and Sp = 0.007 for 2009-20) are the most precise to date. However, whether they are accurate is an entirely different question. The excellent agreement of 3 different standards, weighed out a year apart and made from 2 different batches of stock powder, along with recent flask and burette calibrations indicates there is no reason to doubt the accuracy of the final data.  The offset however, between Jane’s and my deep water values is truly puzzling and no explanation exists for it at this time. The only difference between the two datasets lies in the oxygen analyst and samplers themselves, as all other kit components/reagents were constant or shown to have no effect. It is hard to see how a different analyst following the same protocols would have an effect on the values, and since 3 different samplers on the JOIS leg were consistently getting the same deep water values, variability in sample drawing is not seen as the culprit. Samples during 2009-21 were initially stored at room temp in the oxygen lab like during this cruise, and later in the fridge as in previous years with no change in the deep water value. There does not appear to be a geographic basis for the difference in deep water values either. Although most of the stations during 2009-21 were much farther north than those of the present survey, the last cast (CB9-07) was located right in the middle of the Canada Basin, near stations from this cruise and still the values are higher than seen during 2009-20. 

To examine the difference in deep water value between the present survey and “historical” data in the Canada Basin, we first need to determine the best historical data to use. The expected 6.56-6.58 ml/l mean deep water value has only been observed in recent years between 2004-2008 albeit with a high degree of scatter (i.e. 6.52-6.58 ml/l in 2005; see Appendix A). Standardization in those years on the IOS system was not as rigorous as the current SIO protocols dictate, or performed as often, and generally only a single bottle of standard was used so there was no way to evaluate its accuracy. There were also corrections applied to the data in some years based on the expected deep water values (i.e. 2008). Between1989-2002 the deep water values ranged between 6.52-6.545 ml/l (Appendix A). Thus if we look at all the data between 1989-2009 the deep water range is between 6.52-6.58 ml/l placing the present dataset right in the middle. Data collected on the Mirai in the Canada Basin this year shows a deep water value around 6.54 ml/l in agreement with the present survey. 
What is potentially troubling though is that the corrections applied to the data in the past 3-4 years have likely assumed a deep water value of 6.56-6.58 ml/l. This was the case for the 2008-30 dataset which had to be corrected in a similar way to the 2009-21 data because of an apparent change in the thio normality between 2 different standards (see 2008-30 report). The difference between this year and last is that unlike this year where multiple standards were in agreement, only 2 standards were run last year so there was no way to determine which was correct. The standard producing the expected deep water value of ~6.57 ml/l was taken as the accurate one. However, in light of the current year’s data, it is possible that the values were scaled in the wrong direction and possibly the lower deep water values were the accurate ones. This problem emphasizes the importance of running at least 3 different batches of standard per cruise. 
RECOMMENDATIONS:

1. The need for an updated, streamlined manual for the SIO kit was noted in the 2009-21 report and this is indeed necessary as many changes have been made to the LVO2 software and the kits since the last manual was written in 2003. The manual also does not deal with the specific file formats needed for box files or how to apply the Hydox program for post-processing.  Specific instructions also need to be included for dealing with standard and thio changes. Time allowing I hope to produce this document prior to the next field season.

2. In order to test standards pre-cruise and avoid the problems encountered in the last two years with bad batches, the Pyrex low-actinic standard bottles should be ordered in the 250 ml size (VWR catalogue # 16157-065 $103.10/4 bottles). Since up until now standards were made in 2L batches and dispensed into 2L bottles they could not be tested at IOS pre-cruise without sacrificing an entire bottle, or possibly compromising it by re-sealing it and using it several months later. A supply of the smaller bottles would allow us to produce 2 bottles with just under 1L volume and a separate sealed 250 ml bottle for testing from a single 2L batch. 
3. The water supply issue to the oxygen lab on the LSSL needs to be addressed. This year’s supply was via a garden hose out to the trailer and it quickly froze early in the cruise. Flasks had to be rinsed out in a bucket of hot tapwater obtained from the main lab. A bigger problem however, was the sink drain also freezing solid making it unusable. Heat tape around the hose leading from the drain, under the trailer and over the side of the ship would possibly prevent this problem. Hauling full buckets of waste water around a frozen deck was cumbersome and potentially hazardous.
4. The sodium thiosulfate concentration for the LSSL Arctic missions should be increased to 60 g/L to avoid refilling the 1ml burette. Six liters of standard comprised of at least 4 different batches should be sent out for the longer 2-3 month missions on the LSSL.
Appendix A

Data from the Canada Basin

IOS 1989-1995 Sta A  




6.52 ml/l

SIO 1997 Sta A (near Sta A)




6.53 ml/l

2002 Mirai


288 - 290 umol/kg

If this is really mmol/m3, then this is 6.45 to 6.49 ml/l otherwise it is 6.61 to 6.66 ml/l)
(too high, something wrong with data)

2002 CBL 


284 - 285 umol/kg

6.545 ml/l
(>300m)  File date Sep 2002

2003-LSSL??

2004 Mirai


284 umol/kg

(>3400m)

2004-16






6.57 ml/l

(although noisy data with spread 6.4-6.7)
2005-04






6.52 – 6.58 ml/l

(>3000m)

2005 (Healy/Oden )

285umol/kg


6.56  ml/l  

2008-30 LSSL JOIS





6.566 +/- 0.083 ml/l
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