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OVERVIEW

Dissolved oxygen concentrations were measured on board the CCGS Sir Wilfrid Laurier (SWL) from July 10 to July 22, 2009 during the west coast leg of C3O. A total of 317 samples (271 + replicates) were collected at 28 stations in the North Pacific, Bering, and Chukchi Seas, along a transect from Victoria, BC to Barrow, Alaska. Samples were collected in the upper 1000 m in the North Pacific, and to the bottom in the shallower Bering Sea (generally <200 m depth).  Oxygen concentrations during the survey ranged from 0.250-11.359 ml/l with greater than 10% of samples analyzed in duplicate. The pooled standard deviation for duplicate samples was 0.004. An additional 29 samples were collected from the underway seawater loop for calibrating the underway gas tension device (GTD). 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 laid out in the SIO Oxygen Titration Manual Vers: 10-Apr-2003. Fresh reagents and standards were prepared at IOS in May/June 2009. Leftover reagents from 2008 (MnCl2, NaI/NaOH, H2SO4) were used up first during the cruise after thorough pre-cruise testing at IOS to ensure 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 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 were made from newly received WAKO stock (#EWQ5825) that had been baked at 105°C for 6 hours and stored in the desiccator before individual aliquots for 2L batches (0.84-0.88g) were weighed out into small plastic vials. 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 for both the SWL and LSSL kits were gravimetrically calibrated to dispense 1.00 ml.
Oxygen Flasks: 84 new ground glass Kimax iodine determination flasks with Teflon stoppers were ordered prior to the summer field season. The Teflon stoppers had to be replaced with extra ground glass stoppers acquired from Water Properties with the v-shaped notches etched in. The stoppers were soaked overnight in 28% sulfuric acid to remove precipitate residues and new flasks were soap-washed in hot water. Both flasks and stoppers were thoroughly air-dried prior to calibration. Flasks and stoppers were matched up and labeled #800-883 by zip-tying numbered tags around the neck of flasks and covering stoppers in heat-shrink labeled with a Sharpie. Flasks were divided into 2 cases of 30 and 1 case of 24. Calibrations were performed in the temperature-controlled lab (1409A) after a 24 hour equilibration of the room and deionized water carboy at 20°C. 
Calibrations were performed a case at a time in the following manner: 
1). The dry weight of each flask and stopper was recorded. 

2). Each flask was then filled from the bottom with deionized water using Tygon tubing with laminar flow.

3). Flasks were filled just to the neck, the stopper was carefully inserted ensuring no bubbles were trapped, and the excess water above the stopper was siphoned off and dried thoroughly with a Kimwipe.
4). Water temperature at the time of filling was recorded.

5). Once all flasks in a case had been filled in this manner (leaving time for any excess moisture on the outside of the flask to evaporate, ~45-60 mins) the wet weight was recorded for each flask.
6). Flask volumes at 20°C were calculated from water temperature and the wet and dry weights using the SIO program O2wt2vol.exe 

Two of the 3 cases of flasks were emptied and dried completely and the entire calibration procedure was repeated to determine the reproducibility of the volume measurements. The mean difference in the volumes calculated from the first and second calibrations was 0.021 ml, equivalent to a 0.001 ml/l difference in final DO value which is less than the precision of the analysis. For flasks #800-829 and #860-883, the mean volume determined from the two calibrations was used, whereas for flasks #830-859 the volume determined from the single calibration was used in creating a merged flask file encompassing the new flask volumes as well as those from the 4 cases of existing Arctic flasks. Original Arctic flasks all of which had IDs >2000 were swapped prior to the cruise with flasks from Water Properties with IDs <2000 so they would be accepted in the SIO flask file format. 
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. 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).
	KIT "A"
	Burette volumes at 20°C (ml)

	 
	 
	DOSIMAT
	 

	exchange unit
	4
	5
	6

	3
	10.0005
	10.0006
	9.9943

	4
	9.9838
	9.9842
	9.9801

	 
	
	
	

	KIT "B"
	Burette volumes at 20°C (ml)

	 
	 
	DOSIMAT
	 

	exchange unit
	1
	2
	3

	1
	9.9912
	9.9924
	9.9897

	2
	9.9908
	9.9927
	9.9893


Table 1: 10 ml burette volumes @ 20°C for all exchange units by kit.
OXYGEN SAMPLING PROCEDURES

Samples were collected in ~140 ml ground glass stoppered Erlenmeyer flasks gravimetrically calibrated prior to the cruise. All oxygen samples were collected by Nina Nemcek except at Stn. BSDeep where Marlene Jeffries did the sampling. The oxygen sampling procedure differs from that used last year only by the addition of the sampling thermometer to measure water temperature at the time of pickling. A Fisher Scientific digital probe thermometer was potted into one arm of a y-connector with silicone sampling tubing attached on the other two arms (one to the Niskin spigot and one into flask). The thermometer attached to the Niskin bottle via a suction cup so that is was easily readable during sample collection. In general it appeared to work very well with reasonable, stable readings and a rapid response between samples. However at cold temperatures, some strange readings were produced with temperatures less than that of the freezing point of seawater     (-2.2°C). Depth profiles showing the comparison of draw temperature readings vs. in situ CTD temperatures for each station are plotted on the 2009-06 OXY spreadsheet under the “CTD comparison” tab. The sampling procedure follows below:
1. Take pickling reagents (and waste container) outside to sampling area just prior to the CTD coming up on deck. The final calculations assume a dissolved oxygen content of the reagents at 25 °C, thus it is important to keep these as close to room temperature as possible.

2. Pump out a few mls of each reagent to waste to purge bubbles out of dispenser tube

3. Start sampling as soon as CTD is on deck with the deepest bottle first.

4. Attach sampling tube with thermometer to spigot (short tube on spigot)
5. Do bottle integrity checks: open vent valve to check for leaking bottom end cap, then close. Push in spigot and check for drips/leaking from sampling tube. Report any leaky Niskins to CTD person and note on oxygen logsheet.

6. Open vent valve to start flow, purge bubbles out of tube by squeezing it.

7. Back off flow by pinching tubing or half closing spigot

8. Place tube to bottom of oxygen flask, invert flask and spin twice to rinse out inside of flask

9. Then right flask and begin filling with smooth laminar flow, making sure all bubbles escape from flask. Overflow at least 3 flask volumes, rinsing stopper with overflow water. 
10. Note temperature of water at time of filling.
11. Start to pull sampling tube out of flask and pinch off flow just before the surface to minimize turbulence.
12. The flask should be full to the brim. DO NOT STOPPER.
13. Inspect flask for bubbles and/or floating organisms. If there are bubbles, redraw sample; any floaters, note on logsheet.

14. Take full flask over to pickling reagents, add 1ml MnCl2 (manganous chloride) FIRST by pulling plunger up in air, inserting dispensing tube as far as it will go into the liquid in the oxygen flask and slowly and smoothly depressing the plunger. Repeat for alkaline iodide (NaI/NaOH). Watch for bubble addition at this point. If bubbles are introduced redraw sample. The volume of reagents added is subtracted from the total flask volume during the calculation of oxygen concentration so it is important to add exactly 2 mls of reagents.

15. Stopper flask and shake by inverting ~20 times using vigorous wrist action.

16. Repeat for rest of samples, working from left to right and front to back in case, and keeping lid on case as much as possible. 

17. Leave samples outside to settle for 20-30 minutes.

18. Once ppt. has partially settled (~halfway) reshake all samples and squirt distilled water in the lip above the stopper. Let ppt. settle again. At this point samples can be moved inside.

All samples were stored at ambient lab temperatures with a water seal on the neck and were analyzed within 24 hours of collection. Triplicate samples were analyzed the following day (24 hrs after first primary and duplicate run).
SAMPLE ANALYSIS
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 produced on board and 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. 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. 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

Although the occasional copepod was found in several samples, floaties did not affect the titrations this year and turbidity in the Bering Sea was relatively low, not causing any noticeable problems during analysis. 
Overshot Endpoints: On several occasions during sample runs the titration overshot the endpoint (with the first point on the curve plotting at ~1.9V, and the second around ~2.1-2.3V), such that there was no good titration slope from which to calculate an endpoint. This occurred seemingly randomly on high DO samples where the previous sample had been run without incident and stirring had not been adjusted. When the OT function was selected to obtain a new endpoint (after addition of 1 ml KIO3), it was also found to not be working properly and led to another overshot endpoint. It was noticed that the OT function began dosing at 1.2 ml/min, the same rate as the NORMAL dosing function, not the LOWO2 one designed to dose at a lower rate (0.30 ml/min). The LOWO2 mode was functioning properly during the running of blanks. It was used exclusively for low DO values in deep waters of the North Pacific to avoid the problem of overshot endpoints. 

The OT function worked without issue last year and SIO noted no changes to the program that could have caused this glitch. All endpoints were eventually salvaged in post-cruise processing by doing a manual best-fit to the curves (either the original or the OT curve whichever looked better) using the O2check function and running the new titer through HYDOX to get a revised DO value. These samples are flagged with a “b” on the 2009-06 OXY spreadsheet. 
Stalled Thiosulfate Burette: As occurred last year on random high DO samples with titers greater than 1ml, the thiosulfate burette occasionally stalled after dispensing 1.0 ml and the titration did not continue.  Unlike last year, these samples were not easily fixable by clicking on “STOP THIO” on the “Run Samples” screen which previously had the effect of resetting the burette and switching the program over to “ENDPOINT” mode. This was presumably due to changes made to the program to circumvent this problem. Instead the program would often stall and have to be rebooted, and the sample re-run with the two titers (determined using the O2check function) added together in post-processing. Hugh MacLean had success using the newly added “KICK” button on the Run Samples screen that reset the burette and continued the titration to an endpoint. We were not made aware of the use of this function prior to the cruise. Nonetheless, salvaged samples gave reasonable results and on Sample #285 where both replicates experienced a similar stall, the values agreed to within 0.006 ml/l.
RESULTS
Precision: Of the 271 unique samples collected during the course of this survey, 39 were collected in duplicate and 7 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. As observed last year, the precision of the SIO system was excellent with a pooled standard deviation of 0.005 based on the 39 duplicate pairs. Removal of 3 duplicates that were flagged as having potential problems with the sample or analysis reduced the Sp to 0.004. It should be noted that one of these flagged duplicates (#5) was taken from the first cast where the Niskin bottles were tripped on the fly and the two samples had poor agreement (difference of 0.030 ml/l). This difference between replicates is almost exactly the same as the pooled standard deviation during 2008-30 on the LSSL for duplicates sampled from Niskins tripped in this manner. 
Thiosulfate Normalities: Thiosulfate normalities and blank values measured daily over the course of the cruise are plotted in Figure 1. Two different batches of KIO3 standard were used, one made from Anachemia stock and the other from WAKO stock (changed on July 16th). The range of the thiosulfate axis indicates the limit of acceptable day-to-day variability in the thiosulfate normality (0.0005 N) and thus illustrates how constant the normality was over the course of the cruise (range 0.0003 N). This indicates excellent agreement between standard batches, and more importantly between the two different standard suppliers and stocks resulting in consistency between last year’s and the current year’s data.
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Figure 1: Thiosulfate Normality (diamonds) and blank value (squares).  
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